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NORMAL AND ACHONDROPLASTIC RABBITS 


Figure 1 


f shows a normal rabbit; B shows an individual exhibiting the effects of a recessive gene 


for achondroplasia. Note triangular ear carriage and short limbs of the affected animal. 


A SECOND RECESSIVE ACHONDROPLASIA 
in the Domestic Rabbit 


D. D. Crary AND P. B. SaAwin* 
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BODY SIZE—NORMAL AND ACHONDROPLASIA 


Figure 2 


The superimposed outlines show body size and relative proportions of ‘the animals shown 


in Figure 1. 


CHONDROPLASIA, character- 
ized in general by cartilage ab- 
normality and consequent defici- 

ent bone formation in both axial and 
appendicular skeleton and resulting in 
disproportionate growth and develop- 
ment, has been found in most  verte- 
brates (Stockard’). In rodents it ap- 
pears to be one of the rare mutations 
(Brown and Pearce*), whereas in cattle 
(Lerner and Baker, ef al') at least 
four or five types have been reported 
which, from differences in morphologi- 
cal expression, manner of heredity 


transmission and degree of viability. 
are undoubtedly of different genetic 
origin. An hereditary basis for achon- 
droplasia is now generally accepted. 
In fowl the extensive studies of the 
creeper mutation led Landauer* to the 
conclusion that achondroplasia is not 
induced by localized effects but that 
its results are brought about by an 
interference with a general develop- 
mental process to which various parts 
respond differentially. The extensive 
observations of chondrodystrophia foe- 
talis in the rabbit by Pearce and 


*Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine. This investigation is a part 


of a program aided by research grants EG-1 from the American Cancer Society on the recom- 
mendation of the Committee on Growth of the National Research Council, and grant No. C-281C 
from the National Cancer Institute of the National Institutes of Health, U.S. Public Health 
Service. 
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ABNORMAL EAR FORMATION 


Figure 3 


Comparison of normal (.4) and abnormal (B) ears showing extra papilla at base of ear. 
The abnormality cannot be positively identified until the ear opens at about the sixth day, at 
which time the papilla projects free and separates from the rest of the ear. 


Brown? *® would also seem to be in 
harmony with this interpretation, and 
although less extensively studied to be 
sure, there appears to be no contrary 
evidence in other species. Why in dif- 
ferent species various parts respond 
differentially, or whether this is. the 
correct explanation of the gene action 
concerned in each case, are still moot 
questions. It seems particularly signifi- 
cant that between species the biological 
time at which the influences of achon- 
droplasia are first observed is different, 
and those species in which more than 
one such gene have been observed are 
therefore of considerable interest. 
The species (cattle) in which the 
greatest number of such genes have 
been observed, however, is not.the most 
suitable experimental material, either 
economically or genetically: The dis- 
covery of a second achondroplastic 


gene in the domestic rabbit, one whose 
manifestations in time are distinetly 
different from the chondrodystrophia 
foetalis of Brown and Pearce, conse- 
quently seems to afford particularly 
valuable genetic material for study of 
gene action and differential growth 
processes, 

The new type, originating in a com- 
mercial rabbitry in California differs 
from that of Brown and Pearce in that 
it is usually fully viable and almost 
indistinguishable from its normal ht- 
termates at birth, whereas the abnor- 
malities of the latter are so far ad- 
vanced at birth as to be lethal within a 
matter of hours. 


Development of the Anomaly 


Development of the anomaly can be followed 
progressively to skeletal and sexual maturity, 
and one individual manifesting a minimal dis 
ability resulting from structural deformity has 


t 
256 
we 
& 
& 
| 
i 


Crary and Sawin: Achondroplastic Rabbits 


LIMB FORMATION 
Figure 4 


X-rays of the limbs of normal (4, C, E) and achondroplastic (B, ), /) rabbits. Note 
small size and bizarre shape of scapula and difference in proportion of humeri (4 and B). 
Early dislocation of the head of the femur can clearly be seen by ten days (/)) when the 
epiphysis has ossified and lies anterior to the acetabulum instead of in it as in the normal animal 
(C). Dislocation as well as differences in development and proportion of the long bones are 
more pronounced by two months of age (/ and Ff). 


mated and produced young. Adult animals (as 
shown in Figure 18) are characterized by 
normal body size (as indicated by the super- 
imposed outlines of Figure 2) with short, 
often crippled legs, which are responsible for 
the peculiar undulating mode of locomotion. 
As shown in the tracing (Figure 2), body 
length is almost identical. Although, as 
shown, the nose appears to extend beyond that 
of the normal sib, it is a result of the way the 
head is carried and the apparent difference in 
height of body is entirely due to the length of 
the long bones. The head appears to be broad- 
er, but as will be discussed later, this is not 
primarily due to width of skull but to de- 
formity which results in the peculiar carriage 
of ‘head and ears. 

Externally the new mutation is first recog- 
nizable by a small cartilaginous papilla arising 
at the base of the external auditory meatus. 
This is present at birth but cannot be identified 
with complete certainty until the ear opens at 
about the sixth day, when the papilla projects 
free and separates from the remainder of the 
ear (see Figure 3). 

Internally, the earliest manifestation thus 
far observed occurs in the scapula, which by 
X-ray at birth is found to be reduced in size 
and misshapen. As shown in Figure 4.4 and B, 
this size reduction is manifested in later stages 
in all of the Jong forelimb bones. Examination 
of freshly prepared scapulae shows the unossi- 
fied cartilagenous portion at the dorsal mar- 
gin to be misshapen and proportionately larger 
than in normal animals. Likewise, the cora- 
coid process is irregular and the acromion 
process and spine are broad and flat. The 


glenoid cavity is shallow and ovoid, resulting 
in dislocation of the shoulder in severe cases. 

The hind limbs also are affected to various 
degrees. The mildest cases show little abnor- 
mality beyond the shortness of the long bones, 
of which the femur is most affected; but se 
vere cases may have dislocations at hip or 
knee. In the hip the acetabulum frequently 
fails to ossify and dislocation of the hip is 
noticeable as soon as the epiphysis for the 
head of the femur appears. As shown in Fig- 
gure 4C and 2), it lies at a level anterior to 
the distal end of the ilium instead of, as nor- 
mally, in the acetabulum. The dislocation be- 
comes progressively more pronounced as the 
animal matures (Figures 4/ and /*), usually 
to such a degree as to prevent normal and su 
cessful mating. In the most severe case, a 
mature animal was observed with no head to 
the femur. Occasionally a compensatory bony 
plate is found which holds the hip nearly in 
place, but which of necessity restricts the mo- 
tility of the joint. : 

Figure 5.4 and B shows the relative length 
of leg of normal and achondroplastic animals. 
The muscle of the mutant (Figure 6) is 
broader and more -bulging, which we assume 
is an accommodation to the shorter bone 
length. This variation possibly has significance 
as a clue in further study of the bizarre de- 
formity of the scapula and also the ear car- 
riage and skull shape to be described below. 
The differences in the hones are more clearly 
shown by X-ray (see Figure 4/ and /). 

Examination of the skulls of these animals 
shows the osseous part of the external audi- 
tory meatus to project downward and outward 
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SHORT, BENT ACHONDROPLASTIC LEGS 


Figure 5 


Hind legs of normal (.1) and achondroplastic (/) rabbits. 


instead of upward and backward. This is due 
in part to the fact that the entire dorsal portion 
of the skull bends down at a more acute angle 
than in normal animals. The bend is such that 
the foramen magnum iaces downward, more 
as in the human skull, instead of posteriorly as 
in other quadrupeds. At the same time the 
mastoid processes and neighboring structures 
are compressed and twisted, resulting in dif- 
ferences in angularity of the ears previously 
described, 

It is interesting to speculate if this varia- 
tion, together with those noted in the limbs, is 
not also due in part to the fact that the mus- 
cles, unaffected by the (da) gene, must re- 
adjust their bulk and area of attachment to the 
new bone shapes. becoming broader where 
bones are shorter and thus exerting such a 
modified tension upon the developing bones as 
to result in the observed contortion, 

Associated with the changes noted in the 
skull are equally significant changes in the 
atlas and axis. Here the most striking differ- 
ence is in the odontoid process, which instead 
of being fused to the axts, as in normal mam- 


mals, has reverted to the primitive condition 
found in lower vertebrates and is found as the 
centrum of the atlas. The anterior margin of 
the axis has one continuous articular surface 
instead of two lateral ones, probably the re- 
sult of mechanical adaptation. The result is a 
much more flexible joint than in normal ani- 
mals, 

Mutant animals occur with equal frequency 
in both sexes and have been obtained thus far 
only from normal parents, indicating that their 
variation is not sex linked. Until recently it 
has not been possible to secure sexually mature 
achondroplastics of sufficiently minor defect 
that they could mate successfully. Matings of 
the original female transmitter with her nor- 
mal son (mating 1, Table I) produced defec- 
tive offspring in the ratio of three normals to 
one achondroplastic. When outcrossed to un- 
related animals (mating 2, Table I) none of 
the known. transmitters produced abnormal 
young, indicating that the condition is reces- 
sive. Since breeding defective individuals has 
thus far been unsuccessful,* backcross matings 
have not been possible, but predictable results 


*A recent mating of a (dada) female with a ( Deda) male has produced seven achondro- 


plastic and nine normal young. 
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different from expectation, and finally when 
matings have been made between proven heter- 
ozygotes (mating 5, Table 1) again departure 
from the expected 3:1 ratio was not statistical- 
ly significant. We, therefore, conclude that the 
mutation is due to a single autosomal gene 
recessive to the normal. 


Summary 


Evidence for a second autosomal recessive 
gene (da) inducing achondroplasia recently 
occurred in the New Zealand White breed of 
domestic rabbits in a commercial rabbitry in 
California. Unlike the achondroplasia de- 
scribed by Brown and Pearce, which is lethal 
at birth, when homozygous the (dada) individ 
ual is viable and if not too abnormal will mate 
and conceive. At birth it is not clearly dis- 
tinguishable externally but can be recognized 
by X-ray of the scapula. At six days when 
the ear opens it can be recognized by a small 
cartilagenous papilla arising at the base of the 
external auditory meatus, The mutation is 
characterized by a retardation of endochondrat 
ossification manifested primarily in the limbs 
and particularly in the hip and shoulder joints 
but with significant modification also in the 
skull, atlas and axis. Dislocation of the bony 
epiphysis of the femur is observed. almost from 
the time of formation, and during development 
resulting changes often are so serious as to 
lead to bizarre crippling of the animal. 
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% achon- 
Number Total droplastics Number Number achon- 
Mating Description litters voung expected Normal droplastics 


1 Original transmitter 2 18 25.0 13 5 
2 Known transmitters 9 None 99 
unrelated and 2 
3 Transmitter 2 7 184 
Fi 29? 148.75 
4 Transmitter 4s 
Fe, ¥? 69.2 
Both parents 113 
known transmitters 
*Expected numbers in italics. 
(Received October 22, 1952) 
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INHERITANCE OF THE ACCESSORY LOBE 
OF THE AZYGOS VEIN 


SakAH BepicHek Pipkin, RicHARD Kecet AND ALAN C. PIpKIN® 


HIE accessory lobe of the azygos 

vein was first described in the right 

lung by Wrisberg.* This anomaly 
was caused, as Stibbe® points out by “an 
alteration in the relationship of the devel- 
oping lung to the developing azygos 
vein.” Caffey’s* description of the con- 
dition follows: “In early fetal life the 
azygos vein lies on the apex of the right 
upper lobe lateral to the mediastinum. 
During development this vein shifts 
mediad into the mediastinum and on to 
the vertebral column. When the azygos 
vein fails to make this mesial shift, it cuts 
into the growing right upper lobe which 
expands upward, around, and beyond the 
ectopic vein, leaving a deep pulmonary 
fissure containing the azygos vein in its 
lower end. Owing to the fact that the 
vein was originally extrapleural, the pa- 
rietal layer as well as the visceral layer 
of pleura is drawn into the fissure and 
covers both surfaces. In roentgenograms 
the azygos fissure is visible because its 
thick pleural covering. consists of four 
layers, two of which are on each side of 
the cleft.” 

That Wrisberg’s lobe of the right lung 
may be seen in a roentgenograin was first 
proven by Bendick and Wessler,? who 
presented radiographic stadies con- 
firmed by post mortem examinations. 
Since this date, the rare anémaly has 
been studied extensively by roentgeno- 
graphic means. According to Underwood 
and Tattersall,’ the azygos lobe is shown 
in a roentgenogram as a “thin line which 
starts at the upper border of the right 
lung, curves outwards, downwards, and 
then inwards, and terminates about the 
level of the second costal cartilage, where 
it ends in the form of a dense shadow. 
The dense shadow is cast by the vein.” 
The thin curved line is the fissure and 


*Contribution from the School of Medicine, 


PEDIGREE OF THE PROPOSITUS 
Figure 7 
The pedigree of the propositus and his dead 
wife’s family. Underlined individuals were X- 
rayed. Men (squares) or women (circles) with 
azygos lobe are solid; the negative individuals 
are left in outline. 


the four pleural layers seen end-on. The 

adiological picture of the anomaly has 
many variations. Authors have described 
it as being comma-like, pea, horseshoe, 
pear, musical note, tear drop, and a small 
olive shaped shadow. 

The frequency of occurrence of the azygos 
lobe, quoted from Underwood and Tattersall? 
were obtained by investigators who examined 
as many as 3,000 or more films of individuals 
of American or European descent: Mather and 
Coope, 0.13 percent; Hjelm and Hulten, 0.43 
percent; Keijser, 0.28 percent; Minehart, 0.13 
percent; and Litten, 0.07 percent. Alarcon! 
found a percentage of 0.087 from a study of 
8000 persons in Mexico. All of his cases of 
azygos lobe were among individuals of Euro- 
pean descent, the condition being absent in 
Mexican Indians or mixed Indian-white races. 
A higher frequency of azygos lobe was obtained 
by Bourdelles and Jalet? who found 2.6 percent 
among. 580 Swiss films examined and Kerley® 
who found 4.0 percent among 500 unselected 
British patients. 

That azygos lobe has an hereditary basis 
was first suggested by Suess (1928). Under- 
wood and Tattersall? made a special attempt 
to determine the role of heredity in the aetiol- 
ogy of azygos lobe. They found the anomaly 
among two of four sibs in one family and in 
one of three sibs in a second family. The data 
of Underwood and Tattersall7 do not give in- 
formation regarding the exact mode of in- 


American University of Beirut, Beirut, Lebanon. 


The authors are indebted to the United States Information Service, Beirut, Lebanon for the 
use of a portable generator; to Dr. Farida’ Bissar, M.D. for aid in interpretation of the Arabic 
language and in haison: to Mr. Munir Mujais for making the X-ray films with the portable 
machine, and to Mrs. Roy Bedichek, for translation of Alarcén’s work from the Spanish. 
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7 A BRANCH OF THE FAMILY 


Figure 8 


Pedigree of a family related to that of the propositus. One boy displayed the rare 


azygos vein anomaly. 


heritance of azygos lobe since only one parent 
of the first family was examinéd, and he proved 
negative, whereas neither parent of the second 
family was available for examination. No in- 
formation as to consanguimty of the parents 
of patients is given. Alarcén! expressed the 
belief that azygos lobe was dependent upon a 
recessive gene since no individuals of mixed 
Indian-white descent showed the abnormality. 
He did not describe the other members of the 
family of any of his azygos patients. 

The purpose of the present investigation was 
to contribute to the knowledge of the mode of 
inheritance of azygos lobe of the right lung. 


Presentation of Results 


A Lebanese family desirous of emigrating to 
Australia was X-rayed in the American Uni- 
versity of Beirut Hospital to fulfill the health 
requirements. The father and three of his four 
children displayed the rare azygos lobe of the 
right lung. The mother was dead, but her 
mother and three sibs were examined and found 
negative. The authors have investigated as 
many relatives of this exceptional family as 
were available. All X-ray films with the excep- 
tion of those of the positive propositus and four 
children were made with a portable X-ray 
machine. The individuals living in three re- 
mote Lebanese mountain villages proved fully 
cooperative, courteous, and hospitable. In one 
village where electricity was lacking, a port- 
able generator was taken in order to supply 
the oa le X-ray machine. 

The pedigree of the propositus and his dead 
wife's family is presented in Figure 7. Under- 
lined individuals were X-rayed. Men (denoted 
by squares) or women (denoted by circles) 
with azygos lobe are colored solid; the negative 
men and women are left in outline. The pro- 
positus, IIl-1. was married to an_ unrelated 
woman, II-5. In mountain villages of this coun- 
try, cousin marriages are so frequent as to be 
the usual type of marriage. Cousin marriages 
occur with the approval of the families of the 
parties concerned and of the community as a 
whole. The people are truthful regarding kin- 
ship with a spouse, and they know their fami- 


lies well. The wife, I1-5, was said not to be 
related to the propositus, II-1. She came from 
a nearby village. The fact that she was origi- 
nally a servant in the home of her husband's 
father was corroborative evidence that she was 
not related to her husband. The mother of II-5 
and her three sibs whom the authors X-rayed 
and found negative likewise confirmed ‘the 
statement of the propositus that he was unre- 
lated to his wife. Three of the four children 
of the propositus; that is, III-1, I[I-2, and 
III-3 were found to possess azygos lobe, as 
Figure 7 shows. The mother, I-2, of the gr 
positus had normal lungs; the father, I-1 of 
the propositus was dead. 

The pedigree of another branch of the family 
of the propositus is presented in Figure 8. The 
father I-1, of the propositus, II-1, Figure 7, 
was a first cousin of the father of I-1, Figure 8, 
the chief of the second family. I-1, Figure 8, 
had migrated with his cousin bride to a distant 
village separated by a precipitous mountain 
chain from the village of the family of Figure 
7. In Figure 8, I-1 is seen to have been 
X-rayed, but unfortunately his: aorta was en- 
larged, thus obscuring part of the right lung. 
His wife, 1-2, Figure. 8, who was his first 
cousin showed normal lungs. Among 22 of 
the descendants of this pair, only one, ITT-13, 
Figure 8, displayed the rare azygos lobe. The 
father, II-4, of the positive boy, ITI-13, had 
normal lungs. His unrelated wife, II-5, was 
not available for examination. 

Roentgenograms of the chests of II-1, ITT-1, 
III-2, II-3, Figure 7, and II1-13, Figure 8, 
showed a thin curved, linear shadow extending 
from the right pulmonary apex obliquely down- 
ward and inward toward the hilus. The con- 
vexity of the curve was outward. At the lower 
extremity a small, dense, circular or oval 
shadow was present. The combined linear and 
oval shadows resembled the shape of an in- 
verted comma. The position of the fissure 
varied from above the first rib to the level of 
the second rib. The appearance is typical of 
azygos lobe. No other anomalies of the lung, 
heart, diaphram, or thoracic cage were found 
in any of the roentgenograms made during .the 
course of the study. 
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Genetic Analysis 


Azygos lobe in the family investigated ap- 
pears to be dependent upon an autosomal domi- 
nant gene since the affected [1-1, Figure 7, had 
by an unrelated wife three children with azygos 
lobe and one child without the abnormality. 
The mother and three sibs of the dead wife of 
the propositus possessed normal lungs. 

It is probable that the azygos lobe bearing 
boy, IIf-13, Figure 8, inherited his anomaly 
from an ancester in common with the propo- 
situs, Il-], Figure 7, in view of the rare- 
ness of the condition in the general population. 
The father, I1-4, Figure 8, of the positive boy, 
111-13, was found to be negative, probably due 
to reduced penetrance of the gene causing the 
condition. 

An autosomal recessive inheritance of azygos 
lobe is rendered improbable by the fact that 
the propositus, I1-1, Figure 7, produced both 
azygos bearing children and a normal child by 
an unrelated wife. Furthermore the positive 
boy, III-13, Figure 8, was born of unrelated 
parents, A recessive inheritance is not com- 
pletely ruled out by the evidence at hand, how- 
ever, 


of Heredity 


Summary 
A study of azygos lobe of the right lung 
in two unrelated Lebanese families suggests 
that the condition is dependent upon an auto- 
somal dominant gene with reduced penetrance. 
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PUTTING BIOLOGICAL DATA TO WORK 


T is becoming a truism among scientists to 

say that the productivity:of past and current 
research is resulting in an accumulation of data 
that is difficult to utilize effectively and ef- 
ficiently. Only the rare scholar can explore a 
given subject without overlooking some perti- 
vent information; especially is this true for 
fields at all removed from his own. It is diffi- 
cult for a cellular physiologist, for example, 
to find all the units of thought on a given sub- 
ject seattered throughout the fields of bio- 
physics, biochemistry, and the several sub- 
divisions of biological science. Some data do 
not reach the usual channels of publication ; 
some are difficult to access because of the 
multiplicity of journals in all languages; and 
documentation is particularly incomplete. How- 
ever excellent the abstracting services may be, 
they generally do little more than summarize 
the sense of the papers, and indexing is based 
on the titles or abstracts, not on the original 
contribution 

* * * 

The antithesis to full documentation is the 
attitude that experimentation is easier than a 
thorough search of the literature, and that it 
is less expensive to seek answers in the labora- 
tory than in the library. It is startling to find 
this attitude in high scientific places, for, if 
carried to an extreme conclusion, it denies the 


--our scientific 


values of scientific communication and ignores 
heritage. It is an attitude 
nourished by the imminent prospect of the 
scientific literature ‘getting completely out of 
hand... . 

One positive approach to facilitating the use 
of existing information is to be found in the 
Chemical-Biological Coordination Center of 
the National Research Council. This organiza- 
tion is engaged in experimentation on the 
practical problem of assembling and making 
available information on chemicals and their 
effects on biological systems. Although in a 
sense an abstracting service, it is unique in its 
ideology and in its methods. 

The center was set up to serve as a repository 
for information. By the use of this repository 
the center expects to encourage and facilitate 
research activities directed toward the under- 
standing of the interrelationships between 
one type of biological activity and another. 
Underlying the activity is the premise that a 
biological response to an applied chemical is 
of interest in its own right, irrespective of the 
context in which it is found. This follows a 
growing trend in documentation’ toward con- 
sidering units of thought as fundamental, rather 
than the monograph or the scientific paper that 
contains the units... . 

(Continued om page 292) 
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INBREEDING IN AN ISOLATED ISLAND 
COMMUNITY 


Epwin Doran, JR.* 


HE area with which this paper is 

concerned lies in the western 

Caribbean, south of Cuba and west 
of Jamaica, where islantls are few and 
distances between them are great as com- 
pared to the chain of the Lesser Antilles. 
Almost in the middle of the sea which 
stretches for 400 miles south from 
Cuba to Cape Gracias a Dios and for 
500 miles from Jamaica west to British 
Honduras lie the Cayman Islands. These 
three isolated bits of land, politically de- 
pendent on Jamaica but economically 
independent, lie off the steamer lanes 
in a portion of the Caribbean which has 
heen largely by-passed for the last 150 
years. 

Grand Cayman, the largest and most 
important of the three, is about 25 miles 
long and 10 miles at the widest. Seventy 
miles to the northeast lie Little Cayman 
and Cayman Brac, each about 12 miles in 


length by two in width and separated by 


four miles of water. The shortest dis- 
tance from the Lesser Caymans to both 
Cuba and Jamaica is on the order of 140 
miles. 

From their discovery by Columbus in 1503 
until early in the 18th century the Cayman 
Islands were not permanently inhabited but 
were visited by a succession of vessels which 
stopped off for water, to catch the abundant 
green sea turtles, or to careen and clean their 
ships. The Spaniards, travelling between Ja- 
maica and New Spain, were the first and were 
followed shortly by buccaneers, pirates, North 
Furopean men of war, and assorted trading 
vessels. 

From at least 1734 and possibly considerably 
earlier the islands, Grand Cayman first, then 
the Lesser Caymans after 1833, have been oc- 
cupied by a gradually increasing group of 
descendants of the early settlers. From these 
early pirates, buccaneers, logwood and ma- 
hogany cutters, and shipwrecked mariners, at 
first almost completely British in ancestry and 
gradually modified by the introduction of 
Negro slaves, there evolved hy 1800 a popu- 
lation which has changed little. except in 


numbers, ty the present. Occupation of the 
islands has fo.iowed a rather even pattern of 
fishing tor marie turtles or serving as seamen 
for cash income, and subsistence agriculture of 
such crops as mamwe and plantains, with the 
agricultural portion of the culture much in the 
background as compared to the nautical inter- 
ests of the people. 

In the period prior to about 1800 these 
islands lay in the path of vessels sailing back 
from Jamaica to Europe by way of the Florida 
Straits. They sold turtles and other produce 
to passing ships and were in the main line of 
communications. With the decline of sugar 
agriculture in the West Indies and the passing 
ot the sailing ship from the scene the islands 
became more and more isolated and for well 
over a hundred years had no communication 
with the outside world save with a rare passing 
ship or by means of their own schooners which 
fished and traded over the Caribbean. As a 
result their culture still retains many vestiges 
of 18th century character (for example an 
Elizabethan Cockney accent in which all wv’s 
are transposed into w’s as in wulgar or 
wessel); and the physical aspects of the popu- 
lation seem also to reflect their long isolation. 


Population Characteristics 


The record on Cayman population extends 
back, in more or less accurate form, for over 
200 years. Best estimates indicate about 50 
people, all of them on Grand Cayman, in 1735.8 
By the first accurate census, in 1802, the num- 
ber had increased to 933.2 As of the last 
census in 1943 the total for the three islands 
was 6,670. Figure 10 indicates the population 
curves for the islands individually and in total 
during the period of occupancy. 

The decrease in population totals from 1911 
to 1921 is not fully understood, but is proba- 
bly related to the unsettled world conditions 
during World War I. In this period many 
Caymanians were employed in war shipping 
and thus not only became more familiar with 
the outside world but also received unusual 
amounts of money which made emigration to 
the United States possible. This emigration, 
long a familiar part of the Cayman culture pat- 
tern and with a resultant appreciable number 
of Caymanians being found in most Gulf ports 
of the United States, was stopned completely 
by the U. S. immigration restrictions of 1924. 
This cutting off of one normal outlet for 
excess population was at least in part re- 
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RACIAL CHARACTERISTICS 
Figure 9 
The racial distribution of the Cayman population is shown graphically. The category 
“colored” refers to a hybrid between Negroes and whites. The maintenance since 1800 of an 
unmixed white population, comprising some 30 percent of the total, is certainly one significant 


difference from other West Indian islands. 


sponsible for the renewed, steep upswing of the 
curves between 1921 and 1943. 

Permanent occupation of the Lesser Caymans 
began with a few families who moved over 
from Grand Cayman in 1833. Population 
growth for Cayman Brac followed a .,ormal 
upward curve until 1911 when it décreased 
slightly, probably for the same reasons given 
above. The continued plateau until 1943 is 
almost undoubtedly a result of the disastrous 
1932 hurricane which killed 69 persons, injured 
hundreds, and gave rise to health conditions 
which greatly increased infant mortality in the 
following year, 

Population reached a peak of 136 on Little 
Cayman in 1911 and has declined gradually 
since. It may be mentioned at this point that 
the four mile gap between the Lesser Caymans 
is much more significant than might appear. 
Almost continuous strong trade winds make 
the small boat passage from one island to 
the other a not lightly regarded trip: a wind 
shift of one or two points to the northeast is 
often enough to cause cancellation of a trip 
across. Passages to and from Grand Cayman 
are of major concern and were made formerly 
only when a schooner had reason to go from 
one island to another. Even with scheduled 
service every two weeks on the steam vessel 
Cawmania the trip is made verv infrequently. 

Although no records are avoilable it is well 


known empirically that a great deal of emigra- 
tion from the islands has occurred. The excess 
oi births over deaths of some 20 per thousand 
also would give much larger population figures 
if this had not been true. On the other hand 
immigration into the islands has been very 
slight. Data from the five official censuses are 
shown in Table I. These leave much to be 
desired because the figures for 1891, 1911, and 
1921 each include an unknown number of im- 
migrants already counted in previous censuses. 
The 1881 figure reflects all previous immigra- 
tion and that for 1943 indicates only the im- 
migration after 1921. It may be assumed then 
that the total immigration has been on the 
order of 4 percent per 20 years or 0.2 percent 
per year. : 

Racial characteristics of Cayman ponulatior 
are shown graphically in Fieuve 9. The 
maintenance of some 30 percent of white popu- 
lation from 1800 to the present is certainly one 
significant difference from other West Indian 


TABLE 1. Percent of immicrants in successive census 

years. (Sources: The several Censuses of Jamaica and 
{ its Dependencies) . 

Year Immigrants Total Population Percent Immigrants 

84 3066 2.7 

284 4372 

1911 321 

1921 259 $253 

1943 237 6670 
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POPULATION GROWTH FOR OVER TWO CENTURIES 
Figure 10 
The population curves for the islands individually and tn total during the period of occu- 
pancy is shown graphically. There were approximately 50 people, all of them on Grand Cay- 
man, in 1735. By 1943 the total for the three islands had risen to 6,670, 


islands. It will be noted, too, that the colored 
(mixed black and white) population is definite 
ly on the increase at the expense of the two 
basic racial elements. Although miscegenation 
is frowned upon culturally it obviously is of 
considerable significance. However it usually 
takes a more or less clandestine form between 
white males and colored or black females. Very 
little miscegenation by white females occurs. 
Thus it may be assumed that the white element 
of the population is a more or less closed 
breeding unit while random mating, or an 
approximation thereof, occurs in other segments 
of the population. 

Distribution of the races in the islands is of 
some importance. Without discussing the de- 
tailed statistical analysis it should be mentioned 
that Little Cayman, with a continuous propor- 
tion of about 75 percent white, and the Pros- 
pect district of Grand Cayman, with 6) to 
70 percent whites, are the areas with highest 
proportion of whites in the islands (Table IT). 

From the standpoint of physical vigor both 
the measurements of Davenport and Steg- 
gerda* and general empirical observation give 
the same results. Caymanians are tall, vigorous, 


generally healthy people. Their physiques are 
good, muscles are well developed, and they 
compare most favorably with other West 
Indian populations. Two rather remarkable 
exceptions to these general statements occur. 
Very prevalent among the population is a type 
of tooth decay which involves a blackening and 
rotting away of the teeth. No data are in 
existence on distribution and extent of the 
condition, but observation indicates that it is 
found in all parts of the islands, occurs in 
probably at least 5 percent of the population, 


TABLE II. Distribution of the several racial types. 
Data are for 1921, the last census with itemization 
by districts. 


White Colored Black Total 
No. % No. % No No % 
Georgetown , 22 1070 100 
West Bay S18 609 1139 100 
Prospect 397 100 
Boddentown 2 ( $42 100 
Fast End 489 100 
Northside 288 100 
Grand Cayman 77 76s 3945 100 
Cayman Brac 1213 100 
Little Cayman 95 100 
Cayman Islands 1994 2 $283 100 
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and is found at random in the same family. 
In one case where the children still at home 
were 17, 15, 10, and 5 years of age the only 
child with bad teeth was the five year old. 

* The second and more important type of 
physical impairment is deaf-mutism. Census 
data, which certainly leave something to be 
desired in the way of accuracy, present the 
incidence and distribution of deaf-mutismi 
shown in Table III, It will be noted that the 
Prospect district, with rates per 1,000 of 23 and 
10 for 1911 and 1921, and Little Cayman, 
with an increase between 1891 and 1921 from 
three per 1,000 to 74, are the outstanding 
examples of high incidence. However the oc- 
currence of four per 1,000 for the islands as a 
whole in the last 50 years is a rate many 
times higher than that found in countries like 
Germany and the United States. 


Conclusions on Inbreeding 


‘It has been. established that the Cayman 
Islands have had few connections with the 
cutside world for the last 150 years, that a 
very low rate of immigration into the islands 
exists, and hence that the growth of the popu- 
ktion has been primarily by natural’ increase 
from a small number of ancestors. It has been 
suggested further, although without statistical 
proof, that the 30 percent of white population 
has been essentially a closed hreeding unit 
while the rest of the population has mated at 
random. From these facts one might loeically 
infer that a considerable amount of con- 
sanguinity and inbreeding has occurred, par- 
ticularly among the white segment of the popu- 
lation, Davennort and Steeeerda concur en 
the amount of consanguinity.4 

The character of the widespread tooth decay, 
while not at all conclusive, seems to sub- 
stantiate the general conclusion on inbreeding. 
The opalescent brown teeth, of definite reces- 
sive genetic origin, described by Thoma? may 
well be the cause of this condition. 

Almost conclusive evidence for a_ large 
amount of inbreeding is the very high rate of 


TABLE III. Deaf-mutes per thousand population, by years and distri ts. 


Place Total Per Mille 


Total 
Creorgetow n 
West Bay 
Prospect 
Roddentown 
Fast End 
Northside 
Grand Cayman 
Cayman Brac 
Little Cayman 
Cayman Islands 


(Re 
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deaf-mutism, particularly among the largely 
white populations of Prospect and Little 
Cayman. Deaf-mutism is caused by’a pair oi 
recessive genes. It could not occur in such a 
large number of cases unless inbreeding among 
a population having many persons heterozygous 
for the gene pair had produced a large num 
ber of progeny homozygous for this gene. 
Comparison with the Swiss deaf-mute rate of 
1.2 per 1000 (considered high) and the Ger- 
man rate of 0.23 per 1000 ( Hanhart®) indicates 
the remarkable nature of such rates as 10 and 
74 per 1000 found in the Cayman Islands. 
Using the latter rate as a basis for calculation 
gives a gene frequency in Little Cayman of 
28 percent for the recessive deaf-mutism 
gene. (Caleulation following Dahlberg). 
The higher the frequency of the recessive trait 
becomes the greater the amount of inbreeding 
that must necessarily have occurred. 

These remarks seem to indicate a high de- 
gree of probability that a considerable amount 
of inbreeding has occurred in the Cayman 
Islands and that the population is remarkably 
consanguineous, especially among the whites. 
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T is the purpose of this paper to re- 
view briefly the literature on the 
inheritance of horns horn 
modifications in cattle, and to suggest 
changes in the present theory based on 
data collected in purebred Polled Here- 
ford herds. 

This inheritance problem is difficult 
to study, principally because of the per- 
sonal error involved in the observation 
of some of the phenotypes. The pheno- 
types involved form an almost continu- 
ous series; but there is enough differ- 
ence between most phenotypes to dis- 
regard the idea of strict quantitative 
inheritance. It is evident, however, that 
several genes are involved. On _ the 
basis of the disagreement among breed- 
ers of purebred cattle as to what to call 
a seurred animal and what to call a 
polled animal, data obtained directly 
from breeders should be viewed skep- 
tically unless there is complete under- 
standing on the points of phenotype 
differentiation. On the other hand, to 
get enough data to be significant sev- 
eral reliable breeders must be depended 
upon. 

Before considering the problem of 
inheritance it would be well to consider 
briefly two subjects of parallel interest : 
(1) the growth and development of 
horns, and (2) the origin of the Polled 
Hereford breed of cattle. 


Theories of Horn Development 


There are two theories on the development 
of horns. Modern veterinary anatomy text 
books describe horns as being an outgrowth 
of the frontal bone (Sisson and Grossman?®). 
The frontal bone begins. to gfow out forming 
a small knob, the beginning of the bony horn 
core, at the horn loci. Epidermal tissues over 
this region begin to cornify and produce the 
horny sheath covering and cementing to the 
bony core. The head has a medial frontal 
prominence which is more pronounced in polled 
cattle. The horn is covered by a thin layer of 
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soft horn which is worn off and renewed each 
year, leaving rings at the base of the horn. 

Dove,® however, cites evidence indicating a 
different origin. His experiments indicate that 
the horn has four different anlagen: (1) sub- 
cutaneous connective tissue forms the lower 
part of the bony core; (2) dermal tissue, in- 
dependent of the skull bones, forms the tip of 
the bony core; (3) the frontal bone forms 
small protuberances, the horn bosses, to which 
the bony core fuses after the periosteum has 
dissolved; (4) the epidermis cornifies to pro- 
duce the keratin sheath. Dove states that the 
bony core will not fuse if a transplant of the 
above tissues is made over connective tissue. 
This is significant in that the resulting horn 
would be a loose scur, a form which has ap- 
peared frequently in Polled Hereford herds in 
which horned blood has been introduced. 

The Polled Hereford breed has originated 
in the last 60 years from two methods: (1) 
by crossbreeding horned Herefords with other 
polled breeds and then concentrating the Here- 
ford blood; and (2) by the use of mutant 
polled and scurred Herefords. The crossbreed- 
ing method was first used and proved success- 
ful, but most Polled Herefords now trace back 
to three mutant bulls which were used exten- 
sively in the second program of using polled 
mutants. 

Guthrie!3 used a mutant polled bull of 
mixed Hereford-Shorthorn blood. He did not 
get any horns in any generation in crosses ot 
horned Hereford cows, but scurs vegan to 
appear in the F, generation. Bo,d‘ crossed 
polled Angus bulls with horned Hereford 
cows. He obtained one scurreé and eight polled 
animals in the F, generation. In the Fs gen- 
eration he got % polled and % horned animals 


and in the Fy generation about %4 polled and. 


\% horned animals. By breeding the polled 
bulls from these crosses back to horned Here- 
ford cows he concentrated the Hereford blood 
and obtained the “white-face” markings in a 
homozygous state by the Fy, generation. 
Both Boyd and Guthrie made their crosses 
in the 1890's. It was not until the early 1900's 
that anyone took special notice of the mutant 
polled and scurred individuals occurring with- 
in the Hereford breed. Gammon! obtained 
one mutant scurred bull, three mutant polled 
bulls, and five mutant cows. Two of the polled 
bulls were sold to Boyd. Three of these four 
bulls are the ancestors of most of the Polled 
Hereford cattle in this country today, even 
though most breeders have infused a large 
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HEREFORDS.—-HORNED, SCURRED AND POLLED 


Figure 11 


Purebred Herefords representing the six phenotypes with respect to horn development : 


A—Peaked Poll; B—Loose S¢ wr: « 
Tight Scur 


amount of horned blood into the established 
polled lines. A large number of the foundation 
animals of the Polled Hereford breed were 
sired by the above scurred bull. Is it any 
wonder that scurs have been one of the major 
problems of Polled Hereford breeders ? 


Phenotype Description 


The writers have observed six different 
phenotypes in Polled Hereford herds in Ohio, 
They are characterized as follows: 

HORN—The normal horn of various breeds 
range in length and shape from the short 
curved horn of the Jersey to the huge sweep- 
ing horns of the Texas longhorn. The Here- 
ford horn is from 12 to 18 inches in length 
and curves outward and forward. It would 
seem that multiple alleles govern shape and 
length, since they are constant within the 
herd. There has been no experimentation to 
determine this by crossing different horned 
breeds, but it is possible that genes for horn 
length and shape have some epistatic effect 
over genes effecting the following horn modi- 
fications 

VUTILATED HORN—This is a rather 
heterozygous classification which occurs only 
rarely and then apparently only in females, 
which would seem to make it a sex-limited 
character if it is a separate phenotype. The 


Mutilated Horn; 1) 


Round Poll; E—Full Horn; F— 


mutilated hdrn can best be described as being 
a crumpled horn. It is usually asymmetric in 
expression, In a few cases one side may show 
a tight scur and the other side a loose scur, 
as pictured in Figure 11C. 

TIGHT SCUR—A very short stub horn 
of not more than two or three inches in length 
which is tight to the frontal bone. 

LOOSE SCUR—This is the same as the 
tight scur except that it is usually smaller and 
is attached to the skin instead of the skull. 
This phenotype is the one produced experi- 
mentally by Dove who states, contrary to fact, 
that the form would not be expected to occur 
naturally. 

ROUND POLL—The skull between the 
horn loci is rounded, and there appears to be 
a slight protuberance at the horn loci of most 
of these individuals (the horn boss). On many 
of these heads there is a tiny scab-like scur 
imbedded in the skin or on the surface of the 
skin. This is barely noticeable even at close 
examination and is the phenotype which most 
breeders are either unaware of or pay little at- 
tention to in their breeding plans. It is the 
authors’ opinion that this phenotype, when 
fully understood genetically, will give the key 
to scurred and polled data which at present 
are not explained satisfactorily. The round 
poll was observed too late to be included in 
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Most of these 
animals are probably classed with the peaked 
poll under the polled classification. 


most of the data of this paper. 


PEAKED ROLL—The center of the fron- 
tal eminence is peaked rather than rounded. 
This type of polled animal is much more re- 
liable is, producing completely polled animals 
than any other phenotype. 

It seems to the authors that many of the 
present Polled Hereford animals are actually 
of the round poll phenotype but are generally 
considered to be of the peaked poll phenotype, 
explaining the relatively small number ot bulls 
that consistently produce a large percentage of 
polled and a small percentage of scurred calves, 


Review of the Literature 


It is of interest to note that selective breed- 
ing of Polled Herefords began only a few 
years before the rediscovery of the Mendelian 
Laws and that several papers were written on 
this subject shortly after this historic event 
Most of the literature is marked by interpreta 
tion based on a small amount of data and by 
recognition of only a few of the phenotypes. 
Only a few of the papers have sexed data 
included. 

The first reports on the inheritance of horns 
recognized the polled characteristic to be a 
Mendelian dominant and the horned charac- 
teristic to be its recessive allele. Spillman?* 
and Lloyd-Jones and Evvard!® indicate that 
scurred animals carry a dominant polled fac 
tor and that many of the heterozygotes are 
scurred, some are polled, but none are horned. 
Gowen!2 cites evidence to indicate separate 
factors for both loose and tight scurs. He was 
the first to recognize a greater predominance 
of scurs on the males. Watson?4 cites evidence 
that the polled gene is completely dominant in 
females and that in the heterozygotes horns 
are inhibited but not always suppressed, the 
degree of suppression being variable between 
breeds. Watson's evidence was from’ polled 
Angus-horned West Highland crosses. Crew® 
maintains that male heterozygotes are scurred 
and females either scurred or polled depending 
upon sex hormone balance. Smith?! cites evi 
dence from Angus-African cattle crosses. He 
says that horns are sex-limited and may be 
alternated through the series from the polled 
to the horned condition by the action of one 
or more modifying factors which are present 
in African cattle but not in domesticated 
breeds. His data shows that most of the F, 
males were either scurred or horned, indicat- 
ing a second horned gene. Churchill® has 
cited similar data from the Polled Hereford 
breed. A horned bull from a polled sire and 
horned dam produced polled females and 


horned males when mated with horned cows. 
Another bull of pure horned ancestry produced 
the same results when mated with the polled 
females sired by the first bull, but when mated 
with horned cows all the progeny were horned. 
White and Ibsen?4 have written the most com- 
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prehensive report on horn inheritance, citing 
evidence from Galloway-Holstein crosses and 
from Polled Hereford matings from the herd 
of John M. Lewis and Sons, Churchill’s data 
came from this same herd and considerable 
data in this report are from bulls produced in 
this herd. The factors suggested by White and 

Ibsen are as follows: 

(1) P—The completely dominant gene for 
the polled characteristic, completely 
epistatic to #7 in both sexes, 

p—Merely the absence of /’, and for- 

merly thought to be the recessive 
horned gene 
A gene for horns, always ‘present in 
both sexes in the homozygous state. 
This gene corresponds closely to the 
properties formerly ascribed to the 
p gene, and is epistatic to Se. 
h—This is the absence of #/ but does 
not exist in domesticated cattle, since 
the #/ gene is always present in the 
homozygous condition, 
African horn gene indicated by the 
data of Smith, The males were 
horned because they carried this 
gene which is epistatic to the P 
gene transmitted by the Angus bull 
used by Smith. It is found in all 
breeds but is not common in our 
horned breeds today. Ibsen says that 
it occurs once in about every 200 
Herefords. Evidence shows that it 
is more common in the Ayrshire 
breed than in any other. This gene 
has no modifying effects on an oth 
erwise horned animal. It may be 
sex-limited. 

ha—The absence of HA. 

The gene for scurs, dominant over 

the absence of scurs, but may be an 

allele to the HA gene. White and 

Ibsen think it has its own locus, 

however. This gene is sex-limited, 

always epistatic to P in males. It is 
epistatic to 1/4 in sheep, but there 
is not enough evidence to show 
whether it is or not in cattle. 
sc—The recessive allele of SC for the 
absence of scurs if the SC gene 
has its own locus. 

From their data, White and Ibsen arrived at 
the following conclusions : 

(1) All scurred daughters were sired either 
by horned or scurred bulls. This is expected 
from their theory. 

(2) There are more horned sons than 
daughters. This difference is not statistically 
significant, but there seems to be justification 
for assuming that several horned male off- 
spring are P-H/A animals. Walter Lewis said 
that several of these horned bulls were sold to 
ranchmen having horned cows, and they pro- 
duced several polled animals. 

(3) In two of the matings all horned off- 
spring are males. This is attributed to the in- 


(3) HA 


The Journal 


Note also 
are more 


dividuals involved being P-H A. 
that in both of these cases there 
polled females than males. These extra fe- 
males are probably the P-//A females. The 
assumption is that the //4 gene is fairly com- 
mon in the Hereford breed, at least in’ the 
Lewis herd. Note in connection with this geno- 
type'that the primitive cattle in one stage were 
polled in the females and horned in the males. 
They could quite possibly have been PP-11A 
HA. This would indicate that 414A females 
are polled, a question which White and Ibsen 
were not certain about. 4 

Since scurs are sex-linked it is entirely pos- 
sible that the character can be transmitted 
through the females. In the Galloway-Holstein 
experiment only one scurred individual, a bull, 


occurred after the F, generation. The present ~ 


authors have obtained data from Gano!! in 
which seurs occurred on the female in each of 
three succeeding generations in the Jersey 
breed 


New Data 

The new data collected by the writ- 
ers and presented below were taken from 
purebred herds of Polled Hereford cat- 
tle, and obtained from reliable breeders 
who understood the phenotypes and 
their fine points of distinction. 

According to White and Ibsen it is 
impossible for any polled bull to pro- 
duce only polled offspring regardless 
of the type of cow to which he is mated. 
However there are several such bulls 
in the breed today. The senior author 
had such a bull in his herd a few years 
ago. This bull sired several sons of the 
same type. This bull, the sire of bull 
No. 1 in Table I, was tested in the 
following manner (data were not kept 
though each calf was carefully exam- 
ined). The first ten bull calves sired 
were all smooth headed. Several were 
from horned cows and a few from cows 
that transmitted the scur factor. After 
this test the bull was mated to every 
cow in the herd that had ever produced 
a horned or scurred calf. All resulting 
calves were polled. Of course there is 
the possibility that some recessives did 
not show up from the one cross. The au- 
thors therefore suggest that the scurred 
factor is recessive instead of dominant 
as White and Ibsen maintain. Results 
of this breeding program have shown 
that the scur factor is carried by the 
cow, not by the sire. This bull was used 
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for several years by Professor Parks 
of Ohio State University on horned, 
polled, and scurred cows in his grade 
herd; and the bull did not sire a single 
scurred or horned individual. Ibsen 
says that such bulls do not exist. It is 
possible that he is correct and that 
many of the so-called polled animals 
from such bulls are in reality the round 
polls which have some sort of scur fac- 
tor or scur modifying factor. 


Crites? recently sold a bull that possessed 
these same transmitting qualities, (Bull No. 2 
in Table I). Note that he did get one scur, a 
scab-scur about % inch long, out of 51. off- 
spring. With such a high ratio as this, it is 
probable that this calf was a mutation of the 
scurred gene. The scurred gene has a muta 
tion rate of roughly one in 1,808 (Williams?° ). 
It is not likely that the cause was the trans- 
mission of the SC. gene, because th» bull, when 
mated to scurred cows, produced no scurred 
calves. 

According to White and Ibsen, to sire only 
polls the bulls cited would have to have a fac- 
tor that is either epistatic or dominant to both 
the SC and the 74 genes; and Ibsen has writ 
ten that he thinks this is improbable. Looking 
further at polled-scurred crosses we see that 
the cows must be homozygous for SC to be 
scurred, yet the above bulls got no scurred 
bull calves when bred to such cows, as would 
be expected, Disregarding the //.4_ factor 
these results substantiate the assumption that 
the scurred gene is recessive to the scurless 
gene. The data from bull No. 4 further sub- 


TABLE I. New Data from Hereford Herds 


Offspring 


Bulls Cows Phenotype Males Females 
Polled 

Polled 

Polled 

Polled 
Seab-like Seur 
Polled 

Polled 

Polled 

Polled 

Loose Scur 
Polled 

Loose Scur 
Tight Scur 
Horned 
Mutilated Horn 
Polled 

Tight Scur 
Mutilated H 
Horned 
Polled 

Loose Scur 
Polled 

Polied 

Polled 

Loose Scur 
Horned 


Ne 


Polled 
Polled 


Mutilated H 
Horned 

No. 2 Polled 
Polled 

Loose Scur 
Tight Scur 
Horned 


Polled 


No. 3 
Polled 
No.4 
Loose 
Seur 


Polled 


Mutilated H. 
Horned 


No. 
Polled 


Polled 


~ 


Tight Scur 
Mutilated H. 
Horned 


> 
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stantiates this, two scurs and nine polls result- 
ing when a loose scurred bull was mated to 
polled cows. This shows that, since the bull 
Was scse, two of the Cows carried the recessive 
sc gene also (sc here being the recessive gene 
for scurs and the allele to the dominant scur- 
less gene). It is possible that one reason for 
no horns appearing on the calves of bull No, 1 
is that he was not mated to any cows carrying 
the rare ha gene, but it seems improbable that 
this would be the case. 

It is assumed that the scurless gene is sex- 
influenced. The data shows that there are more 
scurred males than females to substantiate this, 
but if this were so one would still expect to 
get scurred bulls from crosses which actually 
result in only polled offspring. Possibly there 
is another gene that is epistatic to the scurred 
gene 

It seems that there are four genotypes with- 
in the polled phenotype that are easily dis- 
tinguished and can be tested for: 

(1) Transmitting only polls. 

(2) Transmitting only polls and scurs. 

(3) Transmitting only polls and horns, 

(4) Transmitting polls, scurs, and horns, 

It has not been determined just what the rela- 
tionship of the round and the peaked polls is 
to these genotypes, but it is logical that such a 
relationship should exist. No data yet col- 
lected has differentiated between the two types 
of polled heads. 

The bulls mentioned above are of the first 
genotype. Beam? reports a bull of the second 
genotype, (Bull No. 3 in Table 1). The data 
shows only his mating to polled cows, but ‘he 
has been mated to scurred and horned cows 
and sired no horns, This bull, then, would be 
homozygous for the polled gene and heterozy- 
gous for the scurred gene. Bull No. 5 is of 
the fourth genotype. This bull shows a breed 
ing record similar to that of a typical scurred 
bull, and it is of note that he is of the round 
poll type, though no tiny scab-scurs have been 
found in the skin over the horn loci, Giltner 
had a bull some years ago that sired no scurs 
but did sire polls and horns, genotype No. 3. 
We have not heen able to obtain data from 
this bull, but he would be homozygous for the 
scurless factor and heterozygous for the polled 
factor. 

Bulls No, 4 and 5 both sired several horned 
calves. They both came from the ‘herd of John 
M. Lewis where White and Ibsen reported the 
HiA gene to be quite frequent. 

Note that bulls No. 1 and 2 refute the theory 
of Crew. as does the data of White and Ibsen. 
The bulls are net all scurred in the hybrid 
cross, as Crew suggests should be the case. 

The mutilated horn was described as a 
phenotype, yet none of the literature reviewed 
recognizes this. Possibly it is variable in no- 
ture and not strictly hereditary. Auld describes 
two crumpled horn breeds, the Aldernev breed 
in Fngland and the Guinea cow in Florida 
which Col. Stapler was attempting to get es- 


tablished as a separate breed in 1889, If these 
breeds are of this phenotype it can then be 
bred true. One should note in the data of 
Table I that the only mutilated horned ani 
mals occurring were females. The senior au 
thor has four cows of this phenotype, two from 
polled cows, one from a horned cow, and one 
from a mutilated horned cow; but they were 
all sired by a loose scurred bull. In all cases 
the scurred factor was thus present. In view 
of the low frequency of occurrence, this pheno- 
type may be due to external factors extending 
the scur factor, or to a rare gene that occa 
sionally modifies the scur gene action. It 
seems that this phenotype carries the scur fac 
tor, yet a mutilated horned cow, when mated 
to three bulls that all carried the scurred 
gene, produced only two calves which could 
possibly have carried the scurred gene (see 
Table II). Two of the four polled calves were 
bulls which would have shown scurs had only 
one factor been present. If this character is 
due to a rare gene, it is probably a recessive 
gene of much the same character as the sex- 
limited gene for cock-featheredness in chick- 
ens, with the exception that it only occurs in 
the homozygous state in the female instead of 
the male. 

Though White and Ibsen observed the round 
poll phenotype, no work has been done to de- 
termine its character genetically. In planning 
their matings, some breeders treat this type as 
a scur, but most do not realize that it exists. 
In structure it would seem that the only horn 
rudiment is the frontal boss which is formed 
in anticipation of horn growth that is never 
initiated. If there is any genetic factor con- 
trolling this boss formation it should exert 
more influence on horns than on scurs. Possi 
bly this factor, if it exists,is the one that ts 
epistatic to the #/.4 gene. Those polled indi 
viduals which White and Ibsen say would he 
horned (from bulls such as bull No. 1) are 
of this round poll type. On the other hand 
the authors have found a tiny scab-scur in the 
skin on some of these round polls, which 
would seem to indicate that there is some sort 
of scurred involvement. 


Summary 


From a review of the literature three the- 
ories of the inheritance of horns and horn 


TABLE II. Data from a Mutilated Horn Cow 


Sire Offspring 
Phenotype 


Polled 
Polled 


Poiled (Sired only polls) 

Same 

Polled (Sired horns, polls, and 
scurs) 


a few 

Polled 
Polled 
Polled 
Polled 


Same 

Same 

Polled (Sired horns, polls, and scurs) 

Loose Scur (Sired horns, polls, and 
scurs) 

Loose Scur (Same 


Mutilated Horn 
Horned 
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modifications stand out: (1) one pair of alleles 
is involved-/? and p; (2) two pairs of alleles 

P and p, and SC and se; and (3) four pairs 
of alleles—the theory of White and Ibsen, 
which best fits the data. One revision of this 
theory is suggested—changing the scurred fac- 
tor to a recessive gene. Several conjectures 
have been made as possible explanations of 
abnormal cases appearing in the literature and 
cases not yet studied. The variety of ways in 
which these cases could be brought about in- 
dicate that the inheritance of horns and rudi- 
mentary ‘horns is not nearly so simple as a 
four gene theory would appear to make it. 
Possible rare genes and irregular modifying 
factors make the interpretation of data most 
difficult. Other difficulties in studying the 
mode of inheritance arise from the fact that 
the population is so heterogeneous, and abnor 
mal population ratios often appear in the sam- 
ples taken 
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CARBON BLACK IN THE PHYTOENVIRONMENT 


HAT has happened to the lawn in front 
of Godfrey L. Cabot Inc.'s new research 
building next door? This question has troubled 
the Arthur D. Little, Inc., staff to an extent 
not matched by either the pressure of new re- 
search or the imminence of the holiday season. 
At present, the lawn-to-be, liberally seeded, 
has been quartered, and two of the quarters, 
diagonally opposed, have been treated with 
carbon black, giving the appearance of four 
squares of a checkerboard. Besides the obvious 
advertising value for this major product of 
Cabot, it appears that there is solid research 
hacking for this tessellated turf. 

In August, 1949, and later in November of 
the same year, workers’at the Massachusetts 
Agricultural Experiment Station published the 
results of studies on the improvement of soils 
by the addition of carbon black. As little as 
07 per cent by weight (two tons per acre 
mixed into the tep two inches of soil), by 


darkening the soil, increases measurably its 
absorption of energy from sunlight. Thus soil 
temperatures are increased above those of the 
untreated areas, soil freezing is postponed in 
the fall, and the time of ice removal in the 
spring is advanced. There are concomitant in- 
creases in moisture content and water-holding 
capacity, and many soils exhibit an increased 
tendency toward aggregation or flocculation 
of the soil particles if carbon black is added. 

While carbon black is in no sense a nutrient, 
it does appear to exert a beneficial effect on 
plant growth, primarily through increasing 
average soil temperatures. Any successful 
means for lengthening the growing season will 
he welcomed by New England farmers, and 
perhaps they may now look forward with 
pleasure to having a black outlook. 
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A CYTOGENETIC STUDY OF A 
PLEIOTROPIC MUTANT 


of the Tomato, (Lycopersicon esculentum L.) 
J. W. Lestey anp Marcaret M. Lestey* 


FLOWERS OF NORMAL AND CABBAGE TOMATOES 
Figure 12 


At the left is shown a normal flower (49,143.17). 
Cabbage is distinguished by the dark green leafy appearance of the 


is shown at the right. 


A flower of a cabbage mutant (49.143.10) 


mature plant and its inconspicuous flowers and fruit. x3. 


NEW mutant of the tomato oc- 
A curred spontaneously in our. cuf- 

tures. The compact, dark green, 
leafy appearance of the mature plant and 
its inconspicuous flowers and fruit sug- 
gested the name cabbage. The mutant 
cb was first identified in an Fe of 25 
plants homozygous for d (dwarf) and y 
(non-yellow) in which four plants were 
variegated, a condition transmitted by 
the cytoplasm (Lesley and Lesley*). 
In this and other dd families cabbage 
behaved as a simple recessive. The 
normal, non-cabbage sibs were very 
fruitful. 


Breeding Data and Description 
of Mutant 
The breeding data are tabulated below: 


normal 
Ist 19 normal 6 cabbage 
Other 37 normal 12 cabbage 
Total 56 normal 18 cabbage 
Total Backcrosses 91 normal 66 cabbage 
Cabbage selfed 0 normal 42 cabbage 


Table I shows that the mutant differs from 
its normal non-cabbage sibs in a variety of 
ways. 

The mutant could not be identified in the 
seedling stage. The dark green leafy character 
of the mature plant may be largely due to a 
general reduction in fertility. The plant itself 


*Geneticist and Research Associate respectively, University of California Citrus Experi- 
ment Station, Riverside, California. An abstract of this paper is to’be published in the Pro- 
ceedings of the VIIth International Botanical Congress. 
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IRREGULAR MEIOSIS 
Figure 13 


A~-Diakinesis in a binucleate cell, B—M, 
in a binucleate cell. (-—Apparent union of two 
diploid nuclei at pachytene. Note presence of 
two separate nucleoli, J-—Diakinesis in a 
tetraploid cell. A rare figure with two 

tetraploid metaphase plates, restitition 
nucleus with 44 chromosomes in the nucleus 
and four left out. 


is vigorous, It slightly resembles an auto- 
polyploid in its foliage and partial sterility but 
has typically the diploid number of chromo- 
somes and normal reducation in the pollen 
mother cells. The unfruitfulness of cabbage 
appears to be due to general physiological 
causes rather than to any chromosomal ab- 
normality. 


Peculiarities of Pollen Mother Cells 


Cabbage has fewer fertile ovules and less 
pollen than the normal, The cells of the 
sporogenous tissue of the small and often 
shrunken anthers vary greatly in size. This 
size difference is continued throughout meiosis. 
Most of the pollen mother cells at diakinesis 
are decidedly smaller than those of normal 
sibs: some are of the same size or larger 
(Figure 15C, /)). In the large diploid pollen 
mother cells of cabbage, the nuclei and nucle- 
oli are larger than in the small diploid cells. 

During the last somatic division preceding 
meiosis there is a strong tendency toward total 
or partial failure of cytokinesis in the mutant 
(Figure 14.4-/). This failure usually gives rise 
to large pollen mother cells with two diploid 
nuclet. In such cells reduction proceeds simul- 
taneously in both nuclei so that eight haploid 
microspores are formed (Figure 15). The 
cell is often partially divided (Figure 144-C). 

Non-reduction occurs occasionally at first 
anaphase in both diploid and double diploid 
cells (Figure 13), Rarely, in a double diploid 
cell, union of chromosome groups at or fol- 
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lowing second anaphase gives rise to cells in 
which some nuclei have 12 and others 24 chromo- 
somes. Figure 14F shows two single nuclei, 
two pairs of partially fused nuclei, and one of 
double the diploid size. One cell (Figure 13/) 
had a restitution nucleus with 44° chromo- 
somes and four more free in the cytoplasm. 

A few tetraploid pollen mother cells were 
found among the diploid cells in many anthers 
of cabbage. Like the diploid cells they vary 
greatly in size so that they can be positively 
identified only by chromosome counts (Figure 
15B, C and DP). Tetraploid pollen mother cells 
have been found in small groups indicating 
that they came from tetraploid sporogenous 
tissue. Tetraploid sectors occur occasionally in 
roots of normal tomatoes (Lesley®) and tetra- 
ploid shoots have been obtained by wounding 
(Jorgensent). tetraploid branch occurred 
spontaneously on a diploid plant in our cul- 
tures. 

There is some evidence that tetraploid pollen 
mother cells in cabbage can originate from 
fusion of two diploid nuclei in a binucleate 
cell at pachytene. Figure 13C shows a 
tetraploid pollen mother cell in which the two 
nucleoli are still separate. One nucleolas is 
normally present in tetraploid pollen mother 
cells at pachytene. A few potlen mother cells 
showed no tetravalents at diakinesis. In 
normal tetranloids pollen mother cells contain 
from 3-12 tetravalents. 

Occasional tetranloid or binucleate cells have 
heen found in same of the normally fruitful 
sihs of cabbage. These are thought to be due 
to incomplete dominance of the normal allele. 

Aceordine to Darlington? svneyte formation 
must be taken as a degeneration phenomenon. 
Tt is usually found in hanloids,  trinloids, 
hvbrids or in plants modificationally disturbed 
by heat shocks, chlorinization, etc. It is also 
of ge (cb) and normal 
sibs 


TABLE I. Comp 


Cabbage 
Mean number fin simple cymes 2.9 
of flower 
buds lin comnound cymes 
Mean number of loculi 
in fruit 
Number of fruits per plant 
Weight per fruit (gm.) 
Mean number of seeds per fruit 
i (32 fruits) (30 fruits) 
Relatively Normal 
broad and 
dark green 
Stellate rar- 
row petals 
Variable, 
many small 
Rather com 
mon 
Little 


Leaflets 


Semistellatet 
normal 
Normal 


Corolla 
Size of pollen mother cells 
Verv un- 


common 
Mech 


Failure of cytokinesis 


Pollen production 


*Ratio of simple to compound was approximately the same. 
There were probably more abortive flower buds in cabbage. 

+Unilocular ovaries were more common in cabbage. 

Figure 12 
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FAILURE OF CYTOKINESIS 


Figure 14 


A-C—Partial cytokinesis of pollen mother 
cells in binucleate pollen mother cells of cab- 
bage. cytokinesis in binucleate pol- 
len mother cells of cabbage. /’-—Three tetra- 
ploid and two diploid nuclei in a doubled 
pollen mother cell of cabbage. This condition 
is unusual. 


true that variation in cell size is an ab- 
normality. In cabbage both conditions appear 


to be inherited. 


Pleiotropie and Other Genes 


Over 60 mutants have been reported in the 
common tomato which seem to depend on 


single gene differences. Most of these have 
only a single known effect, the rest are to some 
cegree pleiotropic, in the etymological sense of 
“in many ways or modes” without implying 
physiological relationships. There may, of 
course, be other undetected effects of ap- 
parently non-pleiotropic mutations but this is a 
niatter of conjecture. The mutations r and y 
were shown by LeRosen, Went and Zechmeis- 
ter® to be pleiotropic, causing quantitative dif- 
ferences in several carotenoid and other pig- 
ments of the fruit. The mutant / causes yel- 
lowing of the leaves, stigma, and unripe fruit. 
The d mutant, once known as the subspecies 
validum, produces more varied effects. It 
shortens the cotyledons, internodes, petioles 
style, sepals, and petals, and causes uneveness 
of the lamina. The ch mutant is even more 
pleiotropic. Most of the effects are quantitative 
in nature and there is an apparent relation- 
ship between some of them. A_ reduction in 
number occurs in flowers per inflorescence, 
loculi in the ovary and pollen mother cells. 
The ch mutation causes a narrowing of the 
petals but a broadening of the leaves. The 
assumption of single gene-single effect re- 
lation in Neurospora has been advanced as 
evidence against the existence of “genuine” or 
“gene-active” pleiotropy, using the terms pro- 


POLLEN MOTHER CELLS AT 
DIAKINESIS 


Figure 15 


4—Typical pollen mother cells from a nor- 
mal diploid sib of cabbage. B—Pollen mother 
cells of cabbage showing size range. Note 
that nucleoli vary with cell size. C——Diploid 
aM, in diploid cabbage and larger cell with four 
M. figures. /)—Size variation at tetrad stage 
in cabbage and one double tetrad. 


posed by Gruneberg® and by Adorn!, but there 
may have been a tendency to select mutants 
with single effects for genetic study. Although 
ch behaves as a simple recessive, its varied 
effects suggest the action of a number of linked 
genes. No evidence of recombination of such 
genes has been found in families from 
heterozygous parents, Simultaneous mutation 
at several adjacent loci is improbable. Cab- 
bage seems unlikely to be a deficient since it 
behaves as a recessive and its viability in back- 
crosses was 0.73 of that of the heterozygote. 
The heterozygous deficient which lacked about 
cne third of a chromosome (Lesley and Les- 
ley7) also showed numerous differences from 
the diploid but the homozygous form was non- 
viable. 


Evidence of Linkage 


Three backcross families from ++/cb.y « 
ch y/eb y, (y representing non-yellow skin 
color fruit), gave the following results: 


++ b+ che 
28 i4 3 16 


These data suggest linkage between ch and 
y with about 28 percent crossing over and 
that cb is in chromosome III. The opposite 
parental combination and the relation of cb 
to br brachytic in chromosome III has not 
been tested. Apparently ch is distinct from 
dm and c¢ which it slightly resembles since 
these genes are in chromosome IX and IV, 
respectively. For the present it is concluded 
that cabbage depends on a single gene muta- 
tion, probably in chromosome III and that it 
is remarkably pleiotropic. 
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has much practical significance 
breeder. Evidently it is de- 
sirable to know as much as possible of the 
effects of a mutant gene. An obviously de 
character miay be only one effect of a 

gene which has others that are undesirable 
Linkage of genes may produce a combination 

like a pleiotropic gene. 


Pleiotropy 
for the plant 


sirable 


at effects [1k 


Summary 


\ mutant of the cultivated tomato named 
cabbage occurred spontaneously and behaves 
is a simple recessive. It is named cb. The 
gene mutation concerned numerous and 
varied effects on the morphology, sporogenous 
tissue, pollen mother cells, and fertility, par- 
ticularly of a numerical kind. No single 
physiological relation is evident between all 
these etfects. The cabbage gene is in chromo- 
some III and about 30 crossover units from y. 
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REVIEW OF “PARALYSIS AGITANS” 


HIS ambitious monograph* is likely to 

prove discouraging to many of its readers. 
Neurologists will be dismayed by the statistical 
treatment of the data, and geneticists will be 
discouraged by the character of the data. As 
the author indicates in his criticisms of earlier 
work on this subject, studies on paralysis agi- 
tans are beset by difficulties, Perhaps a prime 
factor is the fact that paralysis agitans is not a 
single entity, but is, as the author states it, 
syndrome, comprising pathological conditions 
of varying origins.” The author partially solves 
this dilemma by grouping cases according to 
the presence or absence of secondary cases in 
the family, for as he says, “The only tenable 
criterion for the diagnosis of hereditary paraly- 


sis agitans is the demonstration of secondary 


cases. 

Starting with 330 proband cases obtained 
from nine Swedish neurological, medical, and 
psychiatric clinics, the author excluded numer- 
ous cases because of questionable diagnoses or 
because they were better classed as Parkinson- 
ism or arteriosclerotic Parkinsonism, and end- 
ed up with 194 proband cases of paralysis agi- 
tans. Approximately six months were spent in 
the field collecting data on these patients and 
their relatives. The total number of individ- 
uals was 3,293, including the 194 probands and 
the 162 secondary cases. As mentioned above, 
the author analyzed the data after first divid- 
ing the material into solitary cases and those 
with secondary cases, and drawing his conclu- 
sions regarding “hereditary paralysis agitans” 
from his analysis of the latter, which totaled 
79 cases. Utilizing various statistical methods, 
including correction for the age-risk factor, 


* Paralysis 


Munksgaard. 1949, 


Agitans, A Clinical and Genetic Study. 


the author obtained results which he considered 
to be highly indicative of mono-hybrid autoso- 
mal dominance, with a degree of manifestation 
(penetrance) of 60 percent, for this medical 
condition which he estimates as occurring in 
0.16 percent of the individuals over the age 
of 50. 

The study is probably more valuable in its 
clinical presentation than in its genetic contri- 
butions, even though it is undoubtedly the 
most careful genetic study on the subject. One 
must sympathize with the author in having at- 
tacked such a difficult problem and congratu- 
late him on his attempts at clarifying the situa- 
tion. Nevertheless, in view of the method of 
data division and the admitted ambiguity of 
the disease itself, it would seem advisable to 
caution against the acceptance of the rather 
high estimate for penetrance, although his con- 
clusions regarding the probability of a domi- 
nant genetic factor seem quite acceptable. The 
author might well have shown his methods of 
calculation instead of listing the results ob- 
tained by the use of various techniques identi- 
fied only by name. Likewise, the data could 
well have been presented in a less confusing 
manner, despite the confusing nature of the 
disease itself. This monograph merits careful 
consideration by neurologists, some of whom 
will surely disagree on various points. Like- 
wise, it is to be recommended to geneticists, 
especially to those who would like to do fur- 
ther analysis on the 50 appended pages of 
family data. 

R. C. ANperson, M.D. 
Dight Inst. for Human Genetics 
Minneapolis 14, Minn. 


Henry Mjones. Copenhagen, 
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N an age when the poultry industry 
of North America pays glowing tri- 
bute to the “Hen of the Year” and 
the “Chicken-of-Tomorrow” as_ its 

champions in productivity, it may not 
be inappropriate to tell briefly the story 
of a flock of domestic birds, which, in 
the opinion of the writer, completely 

outclass any chickens anywhere in the 
matter of converting raw materials into 
food for man. 

These are the Khaki Campbell ducks 
bred by Mr. Aalt Jansen and his son, 
Anton, at Ermelo in the Netherlands. 
When the writer visited the Jansen 
farm in September, 1950, the number 
of these ducks on hand was approxi- 
mately 50,000 (Figure 16). Their amaz- 
ing productivity is not limited to a 
few families of birds given special 
treatment to encourage high records. 


THE JANSEN KHAKI CAMPBELL DUCKS 


F. B. Huttr* 


It is characteristic of the whole flock. 


Ermelo is about four kilometres 
south of the town of Harderwijk at the 
southeast corner of the Ijsselmeer. In 
the days when this great freshwater 
lake was the Zuider Zee, Aalt Tansen 
was a fisherman upon it, but in 1920 he 
began raising ducks for egg produe- 
tion. None of his original flock of 300 
birds laid more than 150 eggs in their 
first laving vear. Three vears later a 
fresh start was made with Khaki Camp- 
bells imported from England. By con- 
stant selection and by progeny testing, 
that stock has been so improved that 
in recent years the flock averages for 
unpedigreed stock have been 335 to 340 
eggs a duck per laying year. Such rec- 
ords might not be remarkable if made 
by the daughters of some outstanding 
proven sire in a special environment 
conductive to heavy laying. For a flock 


*Department of Poultry Husbandry, Cornell University, Ithaca, New York. 


of 50,000 ducks such records are phe- 
nomenal. 


Egg Production and Viability 


Darwin is reported to have said that some 
measure of incredulity is the distinguishing 
mark of a scientist. Even without this encour- 
agement, when reports of phenomenal egg 
production by the Jansen Khaki Campbells 
first reached the writer a few years ago, they 
engendered not only a considerable degree ‘of 
scepticism, but also a desire to see for himself 
the records, the flock, and the man who had 
developed it. Having seen them, all scepticism 
was quickly dispelled. No poultry breeder and 
nq agricultural experiment station is likely to 
have records of egg production and mortality 
more complete than those kept by the Jansens 
at Ermelo, From them the writer extracted 
some of the figures for the latest population 
to have completed a laying year prior to his 
visit in September 1950. These were the ducks 
hatched in 1949, For offspring of proven sires, 
the records of production were so high that it 
seemed at first scarcely possible that they could 
he representative of the stock. According 
ly, the records were also examined for the” 
corresponding birds of 1948. In condensed 
summary, the records for these daughters of 
proven drakes are given in Table I, along 
with the corresponding figures for similar 
birds in 1951-52, which were kindly sent by 
Mr. Anton Jansen. 

The things about these records that seem 
remarkable in comparison with figures for 
White Leghorns or Rhode Island Reds are: 
(1) laying began at four and a half months, 

2) mortality was amazingly low, (3) very 
few were culled for low production, and (4) 
the rate of laying was phenomenal. 


TABLE I. Records for daughters of proven drakes in 
three different years 


1949-50 1951-52 


1948-40 

Ducks started, number 1140 1160 1410 
Average age at Ist egg, days 139 134 143 
Age to which kept, months 17 17 17 
Laying period, days 379 384 375 
Culle¢ for low production, % 7.45 8.63 7.37 
Died, % 1.31 2.42 2.84 

Died or culled, % 8.76 «611.05 “10,21 
Eggs per survivor, number 359.5 36 
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THE JANSEN DUCK FARM 
Figure 16 


Part of the Jansen duck farm at Ermelo. 


the yards. In September, 
recent vears the flock 


Most well-bred flocks of chickens would 
show an average age at first egg about 20 to 
40 days later than the figures for these ducks, 
and in some heavy breeds the average might 
well be almost two months later. 

In the three years under consideration, the 
average mortality during the laying period 
(i.¢., from maturity to 17 months of age) was 
less than 2.5 percent. This would be remark- 
able even if the flock had been heavily culled, 
so that birds were climinated at the first sign 
of being out of condition. For a flock culled 
lightly it is amazing. 


by contrast, mortality in large pullet flocks 


of the domestic fowl is seldom less than 20 per- 
cent in the first laving year. In official laying 
tests in the United States, in which the birds 
are usually maintained in small flocks under 
favorable conditions, mortality among 12,493 
birds in the year 1950-51 was 14.5 percent.! 
In the New York Random Sample Poultry 
Tests, in which large entries from 33 different 
farms are intentionally exposed to leucosis, 
mortality from 160 to 500 days of age was 35.7 
percent in 1950-51, and 34.6 percent in the next 
vear ‘ 

Philosophical poultrymen like to explain 
away the high mortality currently afflicting 
large flocks of the domestic fowl as being Na- 
ture’s inevitable penalty exacted because the 
breeder has pushed Gallus gallus to lay more 
and more eggs in excess of the limits to be 


Railways for feed carts can be seen between 


1950, the number of ducks on hand was approximately 50,000. In 
averages have been 335 to 340 eggs a duck per laying year. 


expected of the species. Evidence for such a 
view is lacking, but there is food for thought 
in the fact that the Jansen Khaki Campbells 
not only outlive the domestic fowl, but also 
outlay it 

For a comparison of egg production in these 
Jansen ducks with that in domestic fowls bred 
for high egg production, figures for the latter 
are taken from the report of the New York 
Random Sample Test for 1951-52. (Unfortu- 
nately the report for official laying tests in the 
United States, cited earlier, cannot be used 
because it gives only the so-called “hen-housed 
average” for all birds that started, whether 
they lived to complete the test or not. That 
figure is thus a measure of viability as well as 
productivity). In the New York test, 940 hens 
representing five different breeds and 33 
strains turned in an average production of 
206.8 eggs per bird to 500 days of age. Esti- 
mating mean age at first egg (not given) at 
180 days, the laying period was thus about 
320 days, and egg production was 64 percent of 
the maximum number theoretically pAssible if 
each hen laid an egg every day. 

In the Jansen Khaki Campbells cited in Ta- 
ble I, the proportions removed by death and 
culling were 9 to 11 percent in the three years 
but the numbers of eggs per survivor was in 
1951-52 no less than 96 percent of the maxi- 
mum possible number, and in the other two 
years 95 percent. 
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AN AMAZING DUCK 
Figure 17 


“Each day an egg.” The Khaki Campbell 
duck No. 127126 that laid on 418 consecutive 
days. 


Even more significant than the records for 
these offspring from special matings is the 
flock average for unpedigreed stock. The Jan 
sen leaflet reports that customers reached an 
average of 320 eggs per bird. Qn the Jansen 
farm, the average for such unpedigreed stock 
is from 335 to 340 a year, this after light cull- 
ing of about the same degree as that shown 
above. 


“Each Day an Egg” 


A leaflet (in English) put out by the 
“Breeding-Farm of Ducks Jansen Ltd.,” in 
1950, displayed a picture of their duck No. 
127126, hatched March 2nd, 1948, which began 
laying on July 17th, and up to September 7th, 
1949, laid an egg a day, for no less than 418 
days (Figure 17). Even more remarkable is 
the record for a later duck that laid without a 
miss for 405 consecutive days, but began her 
feat when only 108 days old. No wonder that 
the leatlet carries the slogan “Each day an 
egg!” 

In going through the records, the writer 
found one family of 12 full sisters, none dead 
or culled, for which the average production to 
17 months of age was 374 eggs. 

To determine individual records, each duck 
under test is kept throughout the laying year 
in her own private pen in a long laying house 
Fach such pen has its own narrow little yard 


Hutt: The Jansen: Khaki Campbell Ducks 


outside, the total area per duck being 5 
metres. 


Size of Eggs 

With egg production of this order, it might 
be expected that the eggs would be small. 
Young Khaki Campbell females weigh 1500 
to 1800 grams, or 34% to 4 pounds, but older 
ones may weigh up to 44% pounds. They are 
thus somewhat smaller than the average mod- 
ern White Leghorn of North America. How- 
ever, while average egg size for White Leg- 
horns will run from 54 to 60 grams, with a 
standard market requirement of 56.7 grams (or 
24 ounces per dozen), egg size in the Jansen 
Khaki Campbells ranged from 71 to 75 grams, 
or 30 to 32 ounces per dozen. 

The duck eggs are thus about 30 percent 
bigger than those of the hens. This is not a 
special trait in the Jansen Khaki Campbells, 
for the weight of their eggs agrees closely with 
the average weight of 2.59 ounces (73.4 grams) 
for duck eggs over an Il-year period at the 
Harper Adams Laying Trials in England, as 
summarized by Hurd and Hilbert.* 


Methods of Breeding 


To maintain the flock of 50,000 laying 
ducks, and to supply customers with 
ducklings, eggs for hatching and breed- 
ing stock, about 10,000 females are used 
for reproduction each year. Of these 
about 1,300 are in fully pedigreed mat- 
ings, and 350 ducks are mated with 
proven sires. 

Approximately 50 to 60 young drakes 
are tested each year, and, of these, about 
30 percent are used again in the second 
year as proven sires. A few are used in 
the third. Drakes are considered more 
important than ducks in the selection of 
breeding birds. It was of interest to the 
writer to find that these procedures and 
the selection pressure (i.¢., the. propor- 
tion of young males tested that qualified 
for re-use as proven sires) were about 
the same (but on a much larger scale) 
as he and his colleague have successfully 
used in breeding White Leghorns for 
resistance to leucosis.* 

Each breeding duck has a long and 
narrow pen to herself (Figure 18). She 
has also a one-seventh proprietary inter- 
est in a drake, which is rotated twice 
daily among seven pens and thus spends 
half a dav twice a week with each duck 

About 20 percent of the eggs are in- 
fertile, and about 70 percent of all eggs 
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INDIVIDUAL BREEDING PENS 
Figure 18 


Breeding ducks in their individual runs. 
each year. About 50 
second year as proven sires. 


incubated are hatched. Incubator capac- 
ity is such that about 170,000 ducklings 
are hatched every four weeks. The 
hatching season is from January 15th 
to March 3lst. 

Any detailed account of the manage- 
ment of the ducks is out of place here, 
but it is worth mentioning that the feed 
is mixed on the farm and is fed as a 
moist mash. No pellets are used. Fresh 
fish from the Ijsselmeer are fed once 
daily, and dried fish are also given daily. 


Discussion 


It has long been known that some breeds of 
ducks, particularly Indian Runners and Khaki 
Campbells, could“lav better than domestic 
fowls. The point is illustrated by the averages 
of Hurd and Hilbert? for the two species 


| 


About 10,000 females are used for reproduction 
or 60 young drakes are tested each year and about a third are used the 


over an Il-year period at the Harper Adams 
Laying Trials: 
Hens Ducks 
Eggs per living bird, number 180.8 232.1 
Eves per 4 weeks, average 
number ; 19.3 
Size of egg, ounces 2.59 
Feed per bird, per 4 weeks, 
pounds 11.95 
Mortality, % 2 4.6 


In this laying test, the ducks outlaid the 
hens by approximately 50 eggs per bird in the 
test period, which was 48 weeks. The aver- 
ages given cover the period from 1929-30 to 
1939-40. While the contrast in these figures 
between ducks and hens is striking, the differ- 
ence between the ducks in this laying trial and 
those at Ermelo is even more so. In 1939-40, 
the flock average for the Jansen Khaki Camp- 
hells (then 30,000 ducks) reached 300 eggs. 
Ten years later it was 35 to 40 eggs higher. 
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THE JANSENS, FATHER AND SON 


Figure 19 


Mr. Aalt Jansen and his son, Anton, in 
front of their residence at Ermelo. Their 
achievement | in applying the right selection 
methods to increase the productivity of a fair 
ly unproductive domesticated species is a 
startling dethonstration of applied genetics. 


Part of the difference results from the shorter 
test period at Harper Adams (336 days there 
against about 380 at Ermelo) but obviously 
the major part of the difference is attributable 
to Mr. Jansen’s persistent and skilful use of 
good methods of breeding. 

Comparisons of ducks and hens like those 
given above, especially when one considers not 
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only the numbers of eggs laid but also their 
size and the viability of the birds, suggest that 
we in North America may be looking to the 
wrong species for our supply of eggs. How- 
ever, computations made by the writer from 
the figures from Harper Adams indicate that 
the two species do not differ in the efhcrency 
with which feed is converted to eggs. The 
number of ounces of eggs per pound of feed 
consumed was 4.22 for hens and 4.18 for ducks 
It is probable that ducks laying at the rate ot 
the Jansen Khaki Campbells would do some- 
what better. Mr. Anton Jansen stated that 
ducks of their stock laying 320 exgs (of about 
72 grams each) would consume 55 to 58 kilo 
grams of feed, which is equivalent to about 
6.6 ounces Of eggs per pound ot feed 

Other factors influencing the relative utility 
of the two species as producers of eggs include 
costs of housing, costs of labor, and the prefer 
ences of consumers in those fortunate parts of 
the world in which such whims may still be 
indulged without hunger. Duck eggs are some 
times blamed for gastric disturbances attrib 
uted to bacteria of the Salmonella group, but 
an authority on that group has informed the 
writer that such risks are no greater with 
duck eggs than with hen eggs. Mr. Aalt Jan 
sen stated that in his thirty-years’ experience 
no such trouble had been charged against the 
eggs sold from his farm. 

Geneticists and breeders of domestic animals 
should be interested in the evidence that one 
species of animals can be more amenable than 
another to selection under domestication. Most 
agriculturists will join them in paying tribute 
to Aalt Jansen and his son for their convincing 
demonstration of what can be accomplished 
when the right methods of selection are ap 
plied to the right species by the right people. 
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THE MIDBRAIN AND LOWER PONS 
Figure 20 


4 -transverse section through the midbrain. Point of arrow at upper corner of the red nucle- 
us (RN.). The black droplets within the nucleus represent degenerating myelin of the cerebellar 
efferents via the superior cerebellar peduncle. Preparation Marchi method; H'/H’l 24% weeks; 
“125. B-—transverse section through lower pons. Point of arrow lies below the crossing fibers 
of the trapezoid body (T.B.). Black droplets WUH'l 2% weeks. 35,7. 


A JUVENILE WABBLER-LETHAL 


In the House Mouse 


Marcaret M. Dickie, JULIA SCHNEIDER AND PINCKNEY J. HARMAN* 


HE majority of lethal genes that 

have been described in the mouse 

exert their effect during embryonic 
lite of the animal. A few genes such as 
jittery and grey-lethal do not react until 
after birth. A new gene can now be ad- 
ded to the list and will be deseribed in 
this report in some detail. 

In the fall of 1948 at this laboratory, 
it was noted that some of the mice in 
the crosses with pirouette behaved pe- 
culiarly and that some of the offspring 
died just prior to weaning time. Closer 
observation revealed that these animals 
that died had great difficulty in walking 
and did not grow as rapidly as their 
littermates. The animals pulled their 
hind feet along rather than actually shov- 
ing with them and in their effort to walk 
their whole bodies shook and shimmied. 

A few simple tests often used on be- 
havior mutants were done on_ these 
young animals. When picked up by the 
tail, their hind feet locked together in a 
spasm. They never reacted to pinching 
the tail. They were not deaf like many 
of the circling mutants. The swimming 
test revealed that they could get along 
as well in the water as a normal mouse. 
Their ability to hold on to the hand 
seemed to depend on how long they 
could hold on with their front feet. 
Tests for the effect of rotation in a 
cyclostat were not attempted. 

Since it was impossible to have these 
animals live long enough to breed (males 
died at about three weeks of age, females 
died a week or so later) all the litter- 
mates had to be tested for presence of the 
gene. During continued observation on 
these animals, it became noticeable that 
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some of the “normal” animals did not 
walk quite the same as other normal 
mice. Their hind feet went out to the 
side more and the body seemed to be 
closer to the ground. They did not walk 
on their toes the way most mice do. 
Furthermore they had no reaction to tail 
pinching. By mating together animals 
with these characteristics it was found 
that there was higher production of 
lethal animals. Therefore it seemed that 


‘this was a gene that was lethal in the 


homozygous state and had a_ visible 
effect in the heterozygous state. This 
heterozygous effect is not striking so that 
one unaccustomed to noting their be- 
havior would have more difficulty in 
recognizing them than those working 
with the animals regularly. 

The breeding data that has been col- 
lected can be stated as follows: there 
were 631 animals classified and of these 
83 were listed as normal, 328 listed as 
heterozygotes, 119 listed as homozygotes 
and 101 listed as pirouette. Not all of 
the animals listed as heterozygotes were 
tested by breeding to check their classifi- 
cation. The animals classified as pirouette 
were not further classified as to their 
hetero—or homozygosity for this lethal 
gene. These -ratios, ignoring the 101 
pirouette animals, do not differ signifi- 
cantly from the 1:2:1 expected ratio but 
the deficiencies in normal might be ex- 
plained by misclassification of heterozy- 
gotes, and deficiency of the lethal by 
mortality before the character can be 
recognized at 14 to 17 days of age. 

No attempt has been made to collect 
linkage data for this character at present 
because of the difficulties that are in- 
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Medicine from the National Foundation for Infantile Paralysis and the National Institute of 
Neurological Diseases and Blindness, U. S. Public Health Service. 
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LOWER AND UPPER MEDULLA OBLONGATA 
Figure 21 

d-—transverse section through lower medulla oblongata. Arrow points to ventrolateral 
corner of vestibulo-spinal tract (V.S.T.). The black droplets on both sides of the midline 
represent degenerated myelin within the vestibulo-spinal system. Marchi method; 21% 
weeks; * 35.7. B--transverse section through upper medulla oblongata. Point of arrow within 
the inferior cerebellar peduncle (1.C.P.). The black droplets within the peduncle represent 
degenerated myelin of the dorsal spino-cerebellar tract. Marchi method; WIHW1 2% weeks; 
< 125. 


volved. Therefore we are calling it an 
independent dominant character wabbler- 
lethal and suggest it be designated by the 
symbol 

Studies on the Central Nervous System 


Previous experience with the histology of 
behavior mutants has demonstrated that routine 
mectiuods are apt to yieid resusts which are 
either so equivocal as to be* of little value, 
or which rely on negative criteria. We there- 


couse to study tue cemtiai nervous system 
of wabbler-lethal with a time-honored method 
ol specificity capable of revealing 


positive signs of neural damage. This method, 
hat of Marchi, is exquisitely sensitive to 
patnological alterations of tue myelin sheaths 
of nerve processes. Many, and as mentioned 
below, possibly all nerve processes of any con- 
siderable length have a surrounding sheath of 
lipo-protein; the myein sheath, which has 
long been implicated in the process of propaga- 
tion of the nerve impulse. Neural pathways 
become myelinated in a sequence which sug- 
gests a relationship between sheath develop- 
ment and maturation of tunction. Myelin 
sheath degeneration results in dissociation of 
the lipo-protein with the appearance of neutral 
fat droplets. Such degeneration may be demon 
strated by Marchi’s method. The technique 
relies on the fact that normal myelin may be 


rendered impervious to osmi 
previous oxidation with bichromate, while the 
myelin degradation products retain their af- 
finitv for osmium. Under these conditions de 
generating myelin appears as jet black droplets 
against a pale background 

wo supplementary methods were employed. 
In a few cases nerve cell bodies were stained 
by a Nissl method. In addition, since free 
amino acids have been linked with central 
nervous system pathology, (Harman, Guth 
and Schneider®), their pattern was studied 
the technique of 2-dimensional paper partition 
chromatography in brains and spinal cords of 
animals 19, 2 


ry 


25 and 30 days of age. 

The material prepared for histological study 
is summarized in Table I. 

The earliest sign of degeneration detected 
was indeed in the myelin sheaths. One litter 
of six animals from a heterozygous mating was 
studied at one week post partum, which is one 
week prior to the expected onset of external 
signs. Even at this early date there was a 
small amount of degeneration in the ventral 
funiculus of the spinal cord of one ar | 
At two weeks, when the homozygotes and 
heterozygotes could be separated on the basis 
of behavior with some confidence, the myelin 


mai 


degeneration present in the presumptive 
homozygous lethal was marked the 
vestibulo-spinal tracts and beginning in the 
spino-cerebellar tracts. At this time the 
heterozygote showed only a small amount of 
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degeneration in the vestibulo-spinal iract. By 
242 weeks the demyelination was very severe 
in the homozygote throughout the archi-and 
paleocerebellar systems, and only increased 
siightly thereafter. By contrast, the cerebellar 
systems appeared unaffected in the heterozy- 
gotes; lesions remained confined to the 
vestibulo-spinal pathway. 

In homozygotes, by 2! weeks of age heavy 
degeneration permeated the vestibulo-spinal 
tract (Figure 21.4), dorsal spinocerebellar 
tract (Figure 218), ventral spinocerebellar 
tract, brachium conjunctivum, magnocellular 
red nucleus (Figure 20.4), rubrospinal tract, 
vestibular nerve and nuclei, juxtarestiform 
body, trapezoid body (Figure 20/?) and the 
superior olivary nucleus. Moderate degenera 
tion was also found in the medial lemnicus, 
medial longitudinal fasciculus and tecto-spinal 
racts, There was a total absence of degenera 
tion throughout the telenecephalon. 

Cell changes were observed in the Nissl ma 
terial in the lateral vestibular nucleus which 
gives rise to the vestibulo-spinal tract, with 
chromatolysis at two weeks pre 
cell atrophy by four weeks. Although 
were not available at ore week, the 
i material of that age allows for some 
examination of cell bodies and there were no 


obvious signs of intracellular pathology at this 


No striking differences were found in the 
free amino acids of the brains and spinal cords 
of 19 to 30 day animals when chromatograms 
of homozygotes, heterozygotes and normal 


littermates were compared 


Discussion of Histological Findings 


The presence of Marchi clods at one week, 
together with the apparent lack of cel! chansses 
and external signs is suggestive at least that a 
disturbance in myelination represents pri- 
mary tactor in the etiology of the disorder in 
wabbler-lethal. This surmise is the more 
credible since myelin degeneration products 
require typically a considerable time interval 
for development. 


TABLE I. Histological Study of the Wabbler-Lethal 


ai \ge ave Heterozvy s 


Brain al Bi ain Spinal 


I weeks 1 Marchi 1 Marchi 
weeks Niss 1 Nissi 
weeks 1 Marchi 

March 


1 Marchi 1 Marchi | Marchi ! Marchi 
1 Marchi 1 Marchi 1 Marchi 1 March 


appearance f behavior abnormalities; classific ! by 


| 


4 
4 
4 
Wabbier-Lethal Cord Cord 
& P | 
2.8 weeks 2 Marchi 
VS abe hi Marchi $ Marchi 
1 Marchi | Marchi 
Nissi Nissi 
Marchi } Marchi 
4 weeks 
4 weeks 
6 weeks 
histology 
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The demyelination observed probably pro- 
vides the physical basis for the behavior ab- 
normality, since the systems affected are 
known to be of importance in the organ- 
vation of motor function and in reflex postural 
control, Massive degeneration of the myelin 
sheaths such as observed here is compatible 
with disordered neural function ; demyelination 
with dysfunction many 
neurological disturbances. In fact, recent ob- 
3 indicate that even the so-called 
unmyelinated fibers of the nervous system 
possess a myelin phase and suggest the 
possilnlity that the myelin sheath may con- 
stitute an essential component for neural 
transmission in all neurons 

Since Marchi granules represent the break 
down products of myelin rather than myelin 
precursors, our findings suggest that the pro- 
myelination becomes interrupted in 
certain systems shortly after each begins to 
myelinate, The vestibulo-spinal system, the 
first to myeliate, presented the first signs of 
damage and was followed by the spino- 
cerebellar and other systems in the temporal 
sequence of their myelination. Once demyeli- 
nation developed in a system it continued un- 
abated until death, so that there appeared to 
be a continuous synthesis and breakdown of 
throughout life in specific systems, 
myelination proceeded normally — else- 
where. Thus, the systems involved were af- 
fected in order Cot their myelination) rather 
than at a critical period of development. More- 
over, these same systems have been found 
to be susceptible to defective genes in other 
strains of mice (unpublished observations ) 
and closely simulate the morphologic altera 
described by Anders! in’ hereditary 
ataxia in rabbits (Sawin, Anders and John 

this latter 


associated 
servations = 


cess 


myelin 
while 


trons 


son®) In the observed 
phenomena resemble those deseribed by Dunn 
and Glucksohn-Sehoenheimer4 in. their study 
region abnormalities in mice 
authors found varying degrees of 
and cloacal derivative defects in 
different) genotypes involving seven 
mutations. Our results differ, how- 
ever, in that they are not obviously related to 
a regional effect since the involved systems 
extend throughout the brain stem and spinal 
cord The present may renresent, 
therefore, an example of increased suscepti- 
throughout related functional systems 


seTise 


of posterior 
The sc 
skeletal 
several 
separate 


findines 
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to any of several defective genes rather than 
of disruption of normal gene influences at a 
crucial time or in a particular developmental 
region 


Summary 


A new juvenile lethal mutation occurred 
in the tall of 1948 in the pirouette stock of 
mice. The lethal gene causes extreme dif- 
ficulty in walking and control of body move- 
ments. The name wabbler-lethal has been 
used for the gene and since there is a slight 
heterozygous effect it is considered a dominant 
and /f7 is suggested as the symbol for the 
gene, 

A study has been made of wabbler-lethal 
brain and spinal cord from one week until six 
weeks, using the Marchi method for de- 
generating myelin, the Nissl method for 
intracellular chromidial substance and 2- 
dimensional paper chromatography for free 
amino acids. 

Myelin degeneration appears to be the pri- 
mary change and affects various components 
of the vestibular, spinal and cerebellar systems 
in the order of their myelination. 

Cell changes, probably secondary, have also 
been observed in the vestibular system. 

No changes were observed in free amino 
acids. . 

The demyelination process by affecting sys- 
tems involved in the organization of motor 
function provides a reasonable physical basis 
for the alterations in behavior of the wabbler 
lethal mutant. 
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SOME DATA ON THE CYTOGENETICS 
7 OF ALFALFA 


KARLIS LeEsINS* 


N the taxonomy of Medicago there still 

exists uncertainty regarding the distin- 

guishing characteristics of pod shape 
and flower color between the two large 
species sativa L. and M. falcata L. 
would prefer to call them groups, 
and what is often termed species within 
groups, I shall denote as forms. Ac- 
cording to Sumnevicz,” who in- 
vestigated and described 15 forms of Si- 
berian MM. falcata, there has been ob- 
served only yellow flowers and straight 
or sickle-shaped pods. It seems justified 
therefore to consider yellow flowers and 
straight to sickle-shaped pods as charac- 
teristic of the W. falcata group. Purple 
flowers and coiled pods might be as- 
cribed to the MM. sativa group. This lat- 
ter assumption has its basis in the exist- 
ence in M. sativa of several diploid, 
phylogenetically older, forms with pre- 
cisely these two characteristics, 

There are natural as well as cultivated 
forms which display intermediate or 
blended features, especially variegated 
flower color, of both these groups. Medi- 
cago media Pers. is the most widely 
known of these intermediates and is be- 
lieved to have originated by crossing WV. 
falcata & M. sata. The same view is 
held by Troitzky’ regarding the origin 
of M. hemicycla Grossh, This latter spe- 
cies became known in the literature be- 
cause it was thought by Sinskaia? to be 
the progenitor of Falcata as well as of 
Sativa forms. Extensive investigations 
are needed before controversies about 


these blended forms can be clarified. 

Two more groups might be mentioned 
even if our knowledge of them is rather 
scanty and permits only a tentative out- 
line. One group might be characterized 
by vellow flowers, coiled and pubescent 
pods: MW. glutinosa M. Bieb. and MM. 
schischkinti Sumn. The other has pur- 
ple flowers and sickle to semicircular 
pods, in which might be included 4. 
trautvetter’ Sumn., hemicoerulea 
Sinsk., komarovn Vass. and some 
others. 


1. Fertility relationship of some species 

of Medicago and related genera. 

Fertility between two forms is often a 
good indication as to their true, or phylo- 
genetic relationship. Knowledge on this 
is important also for breeding purposes. 
Proof of fertility, however, may fail for 
several reasons, one of which is the 
ploidy barrier. 

On the diploid level, 2x 16, | have tested 
forms for their inter-crossing fertility as listed 
in Table | ; 

Constituents of the groups, especially of the 
M. falcata group, differ widely in their gen 
eral growth habit. In the /. sativa group the 
form from Iran distinguishes itself from the 
others by more rapid development, more up 
right growth, broader pods and larger seeds 
The seed weighs up to 0.16 gm. per 100 seeds, 
thus falling within the limits of seed weight 
of cultivated tetraploid alfalfas. As Dr. Rech 
inger, Vienna, informed me, he has collected 
it in the vicinity of cultivated fields; so. the 
possibility is not excluded that in the sur- 
roundings of Kashan diploid M. sativa is 
grown under cultivation 


‘University of Alberta Research Scholar. Paper presented at the National Alfalfa Improve 
ment Conference, Raleigh, North Carolina, June 1952. Publication from the Swedish Seed 


Association, Ultuna, and the Department of Plant Science, University of Alberta, Edmonton, 
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the earlier part of these investigations. I am indebted to Drs. J. R. Fryer, L. P. V. Johnson 
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of it. I acknowledge also my indebtedness to Dr. O. S. Aamodt, Mrs. I. Baumanis, Drs. J. L. 
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fertility was found between forms 
within groups as well as between constituents 
of different groups. In some cases F, and Fs 
generations are now established. The basic, or 
all forms are conse- 
quently closely related. Some gradations in 
affinity, however, seem to be present, For in- 
Stance, trom a total of 115 crosses in both di- 
rections, M. falcata from Obb gave only five 
hybrid with M/. sativa trom Kashan. 
Low pod setting was observed also on crossing 
this VW. faleata form with M. hemicoerulea. 
The bk, plants, nevertheless, are quite self 
fertile, so the conclusion may be drawn that 
the recombination ability regarding genic ma- 
terial is not seriously hampered 

between diploid and tetraploid forms 
low fertility as shown in Table 


ross 


&-chromosome sets, of 


seeds 


rosses 
result in very 
I] 

In using 2n 16 forms as pistillate parents, 
seedless pods are often formed indicating that 
fertilization and subsequent embryo abortion 
has place. These results are in agree- 
ment pre vious reports. of many workers, 

Obviously the ploidy barrier must be re- 
moved fertility proof of the supposed 
relatives can be obtained, This is important also 

he use of diploid forms for hybridization 
Diploids, very likely, 
characteristics which 
advantageously incorporated into 

strains, MW. coerulea, for instance, 
regarded for its persistence under 
mditions where cultivated alfalfa as we'll 
common AM. falcata form failed.6 

so in a laboratory trial this coerulea 
warkable resistance to alfalfa stem 


taken 
with 


hefore 


cultivated alfalfas 


| 
many valuable 


has 
owed 
nematode 
Artificial tetraploids have obtained 
from two diploid M. falcata and two M. sativa 
These show features often observed in 
robust and more vigor- 
thicker and more deeply 
arger flowers and By 
tetraploidization of these natural diploids the 
ploidy barrier is abolished between them and 
the natural tetraploids as shown in Table TTT. 


heen 


forms 
tetraploidization viz 
habit, 


toothed le IVES, } 


ous growth 


seeds 


TABLE I. Diploid forms of alfalfa re'atives 


1 accessior 


M 
M. L 


Treutvet> M. hemicoereles, Sinek., 


tert Wise 


of Heredity 


Hoping that some crosses might succeed be- 
tween cultivated alfalfa and more distantly re- 
lated diploid Medicago species, tetraploidy in 
these latter and some species of other genera 
were artificially induced by colchicine. The 
results of crosses are presented in Table IV. 
Also included in this Table are some crosses 
made between diploid M. sativa and certain 
other diploid species. Crosses were performed 
reciproc ally. 

'n crosses listed in the above Table some 
pods were occasionally formed and a few seeds 
set but these proved to be non-viable or of non- 
hybrid origin. 

It seems justifiable to conclude that causes 
other than the ploidy barrier have prevented 
crossing between sativa and the 
listed in Table IV. Some of these because of 
their clear morphological distinctness from al 
falfa were tested only in a small number of 
crosses, It is of interest to note that MV. platy- 
carpos and M. ruthenica which sometimes are 
considered as close relatives of alfalfa do not 
cross with the Sativa group 

alutineta was found to be cross-fertile 
with VV. sativa, as previously reported by other 
workers Assuming that MM. dsavakhetica 
Bordz 2n 16, it was crossed with a 
2n 16 M. sativa form. From a total of 135 
crosses in both directions one resulted 
It gave rise to a 2n 24 plant. This induced 
me to retest the parents and this particular 
VW. dsavekhetica plant was found to be 2n = 32. 
The hybrid died before reaching the flowering 
stage so it still remains to be seen whether 
Vf. dsavakhetica belongs to the Glutinosa group 
he crossed with Vf. sativa, or whether 


species 


seed 


and may 


TABLE II. 


Cross fertility between diploid and 
tetraploid forms 


TABLE III. Fertility between natural and artificial 


tetraploids 


nat, 2n a= 32 
h directions) 
nat. 2 ; falcata art. 
ativa art 2 M. falcata nat. 
2? 
de 


sativa art, 
32) X ativa nat 3 


j 
a 
4 
| 
| 
i 
No. of No. of 
t flowers seeds Qn of de 
Cross erresed obteined secendents 
M, sativa 2n 16 X M. sativa 148 3 all 32 
32 (both diretcions) 
M. sativa 32 & M. falcata 183 
2» 16 
sativa 2n 16 & M. falcata 104 0 
M. falcata falcata 94 24 
Species M. falcata 2n 32 XM. falcata 104 1 24 : 
Croup her Indigenit Vy 16 
Falcata M. falcata I sy M ‘a Caucasus 
M. falcata Ult. 108 South Germany, 
Augsburg 
ad M falcata I US. Dept Cent Siberia, Obb 
Ng P. L. 24452 No. of No. of 
rufea Less., svn M. EF. Caucasus and flowers seeds 
ativa weroghsla Savicz, Ult. Precaspian steppes Cross crossed obtained 
M. satéoa L., Saskat. S-2128 Transcaucasia, M 183 42 
Armenia 32 
M sativa var. fariyflora Transcaucagia, M 827 
Grossh,, Wise, 26 gia 
. » 206 Tran, Kashan M 419 702 
Towa 1976 Turkey in 
Transcaucasia 2n 
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iwhrid was the result of a rare interspecitic 


fa group on 


wit! 


i «a> 


lorms it may 
ls were 


tetraplon 


crosses between artificial tetraploid 2n 
2n 64 plants, the ploidy 
very pronounced. From 
| ot 479 flowers from crosses in both direc 
» seeds resulted rhe rise 
re 44 chromosor J 


} 
plant, on 


ictoploid 


r is again a 


Cave 


vcat 32, 
fairly good pod set again 
280 an 
sterility! since. only 
roduced. In 
VW. sativa, 2n 


few pods and 


crosses, 
+} 
‘ 


o4 


seeds 


as pistillate 
parent no were ob 
tained 

On selfing the two mentioned aneuploids, the 
resulting had cl numbers 
as shown in Table V. 

I s that gametes with some deviation in 
chr number been functional on 
the well the paternal side. 
Still other gametic combinations possibly have 

n inhibited in development by embryo abor- 

is the 44-chromosome plant showed a pro 


very 


progenies Iromosome 


t seem 
omosome have 


maternal as on 


as 


portion of undeveloped seed 

It may be mentioned that no such deviation 
hromosome number was observed in cross 
ing two artificial tetraploids, ie. M. falcata 
from N. W. Caucasus Vf. coerulea 
63 Fy, plants investigated were 2n 
possible that in such crosses preferential affin 
is displaved between chromosomes of the 
or only bivalent formation takes 


as a rule tf there are partners for two 
two pairing 


in ¢ 


ity 


place 


and 


up, 


2. 


A haploid Grimm plant and its crosses 
to diploid M. faleata 


From a seed sample originating from 
five selfed Grimm plants one of the seeds 


third died before the chromosome num- 
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ber was determined. Che 16-chromosome 
plant when grown was somewhat weaker 
than normal had an upright 
growth habit and the flower color was 
bluish-purple, without visible admixture 
of yellow. Some morphological abnor 
first. the flower 
ie raceme often had spread 


plants, 


nalties were noted: $ if 
the apex of tl 

petals and. stiff staminal 
ond, the tips of many older leaves showed 


tv ; however, some sterile as well as pro 


columns ; 


sec- 


necrosis. i anthers were nearly emp 
toplasm-tilled pollen grains were present. 
During the summer of 1950 this 1 


lant 
was kept under a cage, and flowers not 
used for crossing were selfed 
lfed and 
these gave viable offsprings none of 
which was found to have 16 chromo- 
somes. A total of 313 crosses were car 
out with diploid Falcata 
Three seeds resulted from 267 
using diploid MM. falcata as the maternal 
parent and none from the 48 reciprocal 
crosses. Two of germinated 
and gave plants resembling the mother 
for pure yellow flowers, sickle-shaped 


Some 


se seeds were obtained 23 of 


ried forms 


crosses 


the seeds 


TABLE IV. Fertility between 
more distantly 


M. sativa and other 
related species 


ulcata Desf 


Ser 


TABLE V. Chromosome number of descendants derived from selfing a 47- and a 44-chromosome plant 


Descendants 


Chromosome 


42 


43 


the | 
Cross, 
From the Trautvettert group, M. hemicoeru- 
lea Sinsk. was found to be fertile with Af. 
sativa as aah the fal 
thie ther 
tertiie wit 
«luce 
32 
tot 
to o 
parent resulted, i. 
78 po indication of 
somat these two 
seeds uinder of i 
No. of 
flowers 
Cross eee 
M. sat ut. 2n =z 32 
| Medicare. lugulina 1 811 
x Medicago platycart Trautv t. 2» 32 1 
Medica Sirisey 3) 41 
« Medica rhicularis All, t. 2e 
Melilotas alba Dest t. 2 ; 
x M tur officis Desr. art. 2¢ Wt 
Tr nella erulea art. Je 32 549 
Trigonalla foanum graecum t. 2» 16 
M. rativa nat. 2n 16 
Medicago ruthenica Trauty 
gave triplet seedlings. One of these had 16 4b 
32 chromosomes, the other 16, and the x Melilotus macrorkiza Bess n= 16 ‘4 
number 
Chromosome 
number of Fre 49 41 = 44 45 46 48 Total 
parent quencies 
47 No. of 1 8 7 $ 21 
plants 
Yo 4% 38.1 33.3 23.8 100 
44 No. of 2 a 4 13 21 21 $ a 2 75 
plants 
% 2.6 40 $.3 17.6 28.0 28.0 6.6 5.3 2.6 100 
4 
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pods and prostrate growth habit. It was 
concluded that they were Falcata selfs. 

No good meiosis preparations of the haplo- 
Girimm were obtained. An insight, however, 
on what was taking place at meiosis was se- 
cured by measuring the plasma filled pollen 
The results are shown in Table V1. 


grains 
The average diameter of pollen grains ot 
natural M. sativa is 35a and 38m for 2n = 16 


and 2n = 32 forms respectively and that of the 


artificial octoploid is about 474. It is obvious © 


that metosis in haplo-Grimm proceeds extreme 
ly irregularly 

The first year observations on this plant 
closely resemble those on the behavior of the 
haploid Nicotiana tabacum as reported by 
Clausen.2. The disturbed meiosis, no viable 
single genom gametes together with a weak 
growth habit and some morphological abnor- 
malties are considered the features indicating 
the alloploid origin of the parent plant 

Phe inference might possibly be drawn that 
Grimm is originally of alloploid origin. 

In 1951, 515 crosses with diploid M. falcata 
as mother gave one seed which decayed at 
germination, The 203 reciprocal crosses with 
haplo-Grimm as mother gave two viable seeds. 
Both plants have 2n lo. 

One of them does not resemble either of the 
parents. It has very small leaves, the largest 
leaflet being 8.5 & 40 mm. The internodes 
are very short so that the younger branches 
appear to consist of scaly nodes. Although 
eight months old it has not shown any signs 
of flower bud formation. 

Phe other plant is intermediate between the 
parents. It has semi-erect growth habit and 
the flower color changes from purple in buds 
to dirty yellow in old flowers. The pods are 
sickle-shaped but larger than in the Falcata 
parent. The anthers have plenty of pollen and 
on selfing about one pod is formed per raceme ; 
some of the seeds are undeveloped. On crossing 
to M. falcata 2n 16 the pod and seed set is 
good 

Discusing the data at hand it can be con 
cluded that the Grimm plant which gave rise 
to the haplo-individual contained four closely 
related genoms since the &-chromosome set 
of the latter could serve as the partner to an 
n &-chromosome ‘set of natural MM. falcata 
in giving fertile offspring. Further, it 1s obvi- 
ous that the 8-chromosome set has become ex- 
tremely weak under the tetraploid conditions 
as none of the male and very few female 
gametes were foungl to be functional. This 


TABIE VIL Diameter and frequencies of pollen 
erains produced by the haplo-Grimm plant 


es Diameter classes in y Total 
22.27 34-40 41.46 47-53 64-59 40-66 

No 23 6 27 sy 4) ® 2 196 

11.7 13.8 30.1 20.9 1.0 100 
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however, is not surprising when we remember 
that all cross-fertilized plants and animals are 
heterozygous for many lethal factors. To quote 
Gustafsson®, “The populations are stuffed with 
lethals in’ heterozygous condition.” It is clear 
that on the tetraploid level many more lethal 
factors may accumulate and be tolerated in a 
single genom than is possible on the diploid 
level, 

Along with the lethal genes the cryptic struc 
tural hybridity, may be at work to enhance 
the differences between homologous genoms 
Stebbins’ has reported this being the case with 
many allotetraploids but it may apply also to 
autotetraploids. Inversions reinversions, 
also translocations retranslocations are 
considered to cause these small deficiencies and 
duplications which do not interfere with the 
chromosome pairing but nevertheless often de 
crease the viability of gametes and zygotes. 
Also, in alfalfa, chromatin bridges and lag- 
gards have been observed, first by Fryer’ and 
since by many other workers. 

It is likely that the introgression of Falcata 
into Sativa giving the A. media types of al 
falfa may enhance the heterozygosity of lethal 
as well as other factors between the genoms. 
This may also be the case if different forms of 
the same group intercross. 

The expected inheritance ratios may be 
strongly influenced by the events outlined 
above. Cryptic deficiency-duplication chromo- 
somes may combine in giving plants with other 
than the tetrasomic ratios provided the changed 
factor dosage is tolerated or even favored. 
That a lesser factor dosage is often found ad 
vantageous is shown by Clausen? for several 
factors in Nicotiana tabacum. Here, both of 
the supposed parents have contributed some of 
the factors and consequently tetrasomic factor 
inheritance might be expected in the alloploid 
Instead disomic ratios were found. In an arti- 
ficial autotetraploid strain of maize, Gilles and 
Randolph4 report that in 10 generations the 
amount of pollen mother cells with high quad 
rivalent formation has dropped from &9 to 
52 percent with a corresponding increase in 
hivalent formation. Apparently some change 
has taken place in the genetic constitution of 
this autotetraploid, shifting it in the direction 
of diploidization. The same may be expected 
to happen with any genetic trait if in a lesser 
factor dosage it has a positive selective value 
In this connection may be mentioned Gustafs- 
son’s5 findings that in heterozygous condition 
some lethal factors have a beneficial influence 
on their carriers as compared to the homo- 
zygous normal condition. 

What has just been said may help to explain 
the behavior of the haplo-Grimm as well as 
the different inheritance ratios reported for 
alfalfa in general. 


Summary 


Yellow flowers and straight to sickle-shaped 
pods, purple flowers and coiled pods, are con- 


i 
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sidered the distinguishing characteristics of 
M. falcata and M. sativa groups respectively. 
Tentatively the MJ. g/utinosa group is outlined 
as having yellow flowers, coiled and pubescent 
pods, and the M. trautvettert group is charac- 
terized by purple flowers and sickle to semi 
circular pods. 

Representatives of these groups are intra- 
as well as inter-fertile on the same ploidy level. 
Ploidy barrier prevents crosses between part- 
ners of different ploidy levels. 

Sterility due to other than ploidy barrier 
exists between the J/. sativa group and the 
following species: Medicago lupulina L., M. 
platycarpos Trautv., Mf. ruthenica Trautv., 
VW. edgeworthi Sirjaev, M. orbicularis 
prauecox D C., M. obscura Retz., Melilotus 
alba Desr., M. officinalis Desr., M. sulcata 
Desf., . macrorhiza Bess., Trigonella coeru- 
lea Ser., T. foenum graecum L., and T. calli- 
ceras Tish 

A haploid plant of the Grimm strain and 
its crosses to M. falcata are described. It is 
concluded that the progenitor of the haplo 
plant contained four closely related genoms. 
These have become weakened probably by ac 
cumulation of lethal genic and cryptic struc- 
tural changes under the tetraploid conditions. 
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UNDERSTANDING HEREDITY 


HIS highly competent condensation of 
basic fundamentals will surprise those 
American geneticists who allow themselves to 
peek within its covers. Coming from the au- 
thor of a series of hooks and articles which 
have stimulated almost as much as they have 
irritated, this new volume* must inevitably 
face a biased public. It will religiously be 
avoided by those who find re-thinking a pain 
ful process and eagerly be sought ott by those 
who welcome such an experience. Both groups 
are in for a shock, This time Dr. Goldschmidt 
is writing for the world at large and has con 
fined himself to points on which there is gen- 
“eral agreement among informed biologists. In 
this volume he has matched his somewhat 
Olympian presence with a choice distillation of 
incontrovertible facts 
This is the work of no brilliant young whip- 
persnapper. It is definitely a volume from the 
pen of one who lived and thought in the nine 
teenth century yet possessed a brain which is 
still actively alive in the second half of the 
twentieth. Among ten authors cited by name 


*lnderstanding Heredity: An 
York: John Wiley & Sons, Inc., 1952 


Introduction to Genetics. 
228 pp. $3.75 


Darwin has the lead and only one was active 
after 1920. Yet as a wise “elderstatesman” of 
Genetics, Dr. Goldschmidt is keenly aware of 
the times for which he writes. Old enough 
and wise enough to appreciate the value of 
the classical experiments demonstrating the 
remarkable stability of the germplasm, he de- 
votes a full ten pages to Johannsen’s simple 
but convincing work with beans. Other fun- 
damental work is similarly stressed. His skill 
in meeting propaganda with a concise and criti 
cal summary of such evidence against the in 
heritance of acquired characters makes this 
one of the most valuable sections of the book. 

The illustrations are clear if somewhat hack- 
neyed. There are two plates of photographs 
of chromosomes. While adequate for the pur 
pose they may raise some eyebrows in the John 
Innes laboratories. The black and white dia 
grams illustrating cytological fundamentals are 
nearly as crude as in textbooks written before 
the wedding of Genetics and Cytology. Surely 
one may be diagrammatic in such matters 
without being misleading. 


Richard B. New 


Goldschmidt 
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Any book which attempts to present the es- 
senitials of Genetics to modern scholars of sup- 
posedly any ficld may be trite to the point of 
boredom. Goldschmidt manages to freshen the 
inevitable tedium with felicitous phrases. On 
page V he tells us that his major task has been 
not what material to include but 
material to omit.” After sum- 
experiments he intro 

discussion of their significance as 
“At first sight these facts may seem 
results 


“to decide 
rather what 
marizing Johannsen’s 
duces his 
follows 

astonishing, though the experimental 
have been confirmed a thousand times in all 
sorts of organisms and for all manner of he- 
reditary traits contradict the ideas of 
the uninstructed layman; they are completely 
at variance with all we have heard of the 
achievements of the successful plant and ani 
mal breeders. For every breeder and hus 
bandryman will tell you that he improves his 
seed or stock by repeated]y choosing for propa- 
gation, selecting, as he calls it, the best indi- 
viduals he has. He would scoff at the notion 
that no om provement can he wrought by this 


They 


d from pa 


Putting Biological Data to Work 


( Comti re 262) 

Just as bricks may be used either to pave a 
terrace or to build a cathedral, items or data 
can have wider application than to prove the 
It often escapes the at 
tention of an investigator, who gathers and 
presents his data only in such form will 
support his thesis, that they can be used for an 
entirely different purpose. The breakdown of 
a paper into units of thought helps to com 
pensate for this oversight, as it makes possible 
the rearrangement of units to serve any desired 


point of an author 


as 


purpose 

The desired results, 
without rapid and accurate mechanical aids, 
dictated the methodology adopted by the center, 
and to this end a punched-card system was 
chosen. The application of such a system for 
the needs of the center required the develop 
ment of two classifications to permit coding 
the pertinent chemical and biological informa 
tion. The end result is, in effect. a file of two 
sets of punched cards, which can be searched 
mechanically for Although search 
can be made on a single criterion, it is in the 
search for of ideas, requiring 
multiple criteria, where this method has a 
major advantage over conventional ‘indexes. 
Thus, compounds possessing a specified struc 
ture which, in stated amounts, induce a given 
response in a parttcular organ system of a 
selected. from 
require 


variables 


combinations 


given group of animals may be 
all others not meeting the several 
ments 


which cannot be achieved ; 
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method. Who is right? Hundreds and thou- 
sands of careful experiments enable us to as- 
sert that we are unquestionably right. But the 
breeder is not wrong ; rather, we make entirely 
different points.. And this is a statement we 
must understand clearly, for its proper evalua- 
tion is as important to practical breeding as to 
our grasp of the basic principles of heredity.” 
Dr. Goldschmidt occupies a peculiar niche in 
American biology. Were Genetics as mature 
as Physics (where even the most highly re 
spected authorities may jump back and forth 
from a wave hypothesis to. a particulate hy- 
pothesis m the short compas of one paragraph) 
it is probable that Dr. Goldschmidt would 
have aroused less irritation among his Ameri- 
can colleagues. In this small volume, however, 
not even the most puritanically rigid of his 
critics should be kept by such prejudices from 
appreciating the breadth of his understanding 
or the power of his intellect. 
EpGar 
Vissourt Botanical Garden 
Washington Univ., St. Louts, We. 


ANDERSON 


The Coordination Center suffers from the 
difficulties attending any pioneering venture. 
There is no unanimity of opinion as to what 
constitutes adequate coding or, in other words, 
what the umt of thought should include. The 
chemical unit of thought, being descriptive, is 
relatively simple. Molecular formulas and 
structural groupings readily lend themselves 
to classification. If it becomes necessary to 
catalogue spatial relationships or types of 
chemical activity, as is very likely, the task 
will he augmented. Biological activity, being 
dynamic, does not really’ lend itself to classi- 
fication. Organisms, organs, tissues, and cells 
can be catalogued well, Funda- 
mental actions, however, are subject to some 
interpretation, and different disciplines use dif 
ferent terminology for the same concept or the 
same word for different activities 


reasonably 


* 


Complete coverage of the literature and 
coding of available unpublished data are a 
staggering task—impossible to achieve in the 
foreseeable future with the budget in sight. It 
is believed, however, that partial coverage, sug- 
gested by the random sample technique, can be 
very useful and in any case can serve to de- 
termine the possible utility of such a research 
tool. On this basis the center is proceeding, 
selectively sampling the data in such a way as 
to favor those areas in which service ts likely 
to he most productive. 

Ramon L. Bearp 
ann Kart F. HEUMANN 
Sctence, November 21, 1952 
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HE new mutation which will be 
briefly described here was found 
in a stock of Swiss albino mice 

maintained by the Department of Bac- 

teriology and Immunology of Harvard 

University School of Medicine. Ani- 

mals for study were kindly given us by 

Dr. Alvin M. Pappenheimer whose 

generosity we wish to acknowledge. 

The mutant mice show a great un- 
derdevelopment of all four feet. The 
metacarpals and metatarsals are con- 
siderably shortened and all toes are 

very poorly differentiated (Figure 22). 


BRACHYPODISM 


A Recessive Mutation of House-Mice 


WALTER LANDAUER*® 


NORMAL AND BRACHYPOD MICE 
Figure 22 


Above is shown a normal and (below) a brachypod mouse 
individual are reduced in size and the legs are shortened 


All four feet of the brachypod 


The condition is even more clearly 
demonstrated in X-ray photographs 
(Figure 23). These morphological 


changes are present at birth so that 
among newborn litter mates phenotypi- 
cally normal and abnormal young can 
be distinguished with ease. Although 
the mutant condition affects the long 
bones of the extremities, as will be 
shown hereafter, the only major effect 
appears to be on the feet, and we, 
therefore, suggest the name “brachy- 
podism” for this trait. 
Measurementst of foot length of 50 


*Storrs Agricultural Experiment Station, University of Connecticut, Storrs, Connecticut. 
For assistance the author is obliged to Mrs. Yuri Fukui, Mrs. Marion B. Rhoades and Mrs. 


Larner. 


Melva M. 


+The instructions of Saller!5 have been followed for all measurements 
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SKELETONS OF BRACHYPOD AND NORMAL MICE 
Figure 23 


\-ray photographs of a brachypod (eit) and normal mouse. The humerus and especially 
the femur ot brachypod mice are shortened and the skeleton of all feet is very poorly developed 
No abnormalities were found in other parts of the skeleton 


brachypod and 57 normal females at 
the age of 132 days gave the following 
results.t: 
Length in mm 
Fore foot Hind foot Difference 
Normal 91+ 008 183+ 100 34+ 1.07 
Brachypod §.7 + 083 1.07 7.4 + 1.46 


It can be seen that in both pairs of 
extremities foot length is greatly re- 
duced in the brachypod animals. The 
degree of shortening is slightly greater 
in the hind than in the fore feet, and 
the indices of fore foot-hind foot 
length, fore foot length & 100, based 

hind foot length 
on the measurements of each animal, 
suggest that these differences are real. 
The mean for this index was 5009 + 
0.42 in the normal and 52.51 + O.88 in 


the brachypod group, with a difference 
of 242 + 0.98 in favor of the latter. 
The metatarsals and metacarpals of the 
brachypod animals are much reduced 
in length; the existing phalangeal 
bones, though smaller than normal. are 
less drastically shortened than the 
metatarsals and metacarpals. 


Description of the Mutant 


The morphology of the feet was studied on 
alizarin preparations (Figure 25). In the man 
us and pes ot the normal mouse, the first toe 
has two phalanges, whereas the second to fifth 
toes each have three phalanges. The most 
proximal phalanx of all toes is considerably 
longer than are those distal to it. The brachy- 
pod mice have the number of phalanges re- 
duced by one in each toe and those present re- 
semble in length and shape the distal ones of 
the normal mouse. In the hind feet the proxi 
mal end of the basal phalanx is frequently 


tStandard errors are used throughout this paper. 
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FEET OF NEWBORN BRACHYPOD 
AND NORMAL MOUSE 
Figure 24 


\lizarin-stained preparations of the fore and 
hind feet of newborn normal and brachypod 
mice ! and #& show normal and C and D 
brachypod teet Fore feet are at the left, and 
hind teet at the right. All are in the same 
maguitication. bor details see text 


bifurcated in the brachypod animals; this bi- 
furcation is variable in extent and is especially 
noticeable in the fourth and fifth toe. 

Inside of and parallel with the metacarpals 
of the first and fitth fingers of brachypod ani- 
mals, a supernumerary bone is found on each 
side. According to location and shape these 
appear to be duplicated metacarpals. They 
have no articulation at either end. The hind 
feet ot brachypod mice similarly contain an 
extra metatarsal between the fourth and fifth 
toe, situated on the flexor side of the foot 
skeleton. On the extensor side one finds fre- 


Landauer: Brachypodism in Mice 295 


quently, but not regularly, between the third 
and fourth toe a spur-shaped sesamoid bone 
that tapers distadly. The metacarpals and 
metatarsals of brachypod, as of normal, mice 
have at the flexor surface two sesamoids at 
tached to their distal ends. Such sesamoid 


bones are not found in association with the 


supernumerary metacarpals and metatarsals 

The small bones of the hands and feet are 
all present, but somewhat reduced in size as 
well as irregular in shape and location. 

From an examination of X-ray photographs 
(Figure 23) our attention was first drawn to 
the likelihood that some, 1f not all, of the long 
bones of the extremities may be modified in 
the presence of the brachypod mutant condi- 
tion. It was, therefore, decided to make a 
study of body size and length of the long 
bones of the appendicular skeleton. Some spe 
cial precautions seemed necessary in collect 
ing such data. Brachypod mice, on account otf 
the poor development of their teet, are some 
what handicapped in climbing. Since prelimi 
nary observations indicated that the long bones 
of the upper segments of the extremities show 
greater changes than those of the lower seg 
ments, and since it was known from the work 
of Jackson® on rats that inadequate feeding 
mav lead to selective effects on humerus and 
femur, all animals to be used for weights and 
measurements were raised by keeping a supply 
of food in the boxes rather than feeding them 
from the cage tops. Normal and brachypod 
sibs for measurements came from back crosses 
of heterozygous females to brachypod males 
They were killed at the age of 130 days 

The data collected in this way are given in 
Table I. Normal and brachypod females 
showed no significant differences in weight of 
the body or in length of body and tail. The 
long bones, on the other hand, were signifi 
cantly shortened in the branchypod females. 
Among the males, the brachypod animals were 
lighter in weight and shorter in body length 
than their normal sibs. Length of the long 
hones differed between brachypod and normal 
males in a way closely similar to that found 
for females. A more objective evaluation of 
these changes in long bone length can be 
made on the basis of indexes of relative length 
(Table 11). These data demonstrate that the 
changes in length of long bones relative to 
body length and relative to each other are 


TABLE I. Means with standard errors for body weight and for length of body and long bones of normal and 


brachypod mice of both sexes. Age 130 days. 


Body weight (gms) 0.24 + 1.25 28.79 + .65 
Body length (cm) 9 24 + 07 9 20 + Of 
Tail length (cm) 9 06 + OF ,09 > 09 
Total length (cm 18.32 2 1 18.25 + .13 
Humerus (mm) 1286+ 07 11.84 + 09 
Uina (mm) 14.87 = ox 14.22 > .08 
Femur (mm) 16.349 “ary 13.42 


Tibia (mm) wos + 17.38 17 


25 animals in each group, except normal females of which 
there were only 24. All bones for measurement were from the left body side. 


45> 1.41 34.7 + .76 29.7 .$8 OF 
06 + 94> 06 9 O§ 04> 
03 + 94> 9.2 07 o2~ 11 
= 17 18.8 .12 38.2 = 0.6% 16 
= 12 13.2 + .0$ 12.0 > 12+ .16 
A2 15.1 > .07 16,3 Az OR 14 
97 2 13 16.3 + .67 09 88 
67 = 19 19.1 09 17.0 + 18 20 


ee - se 
gil. 
jo 
Females Males “ 
Normal Brachypod Difference Normal Brachyped Difference 
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nearly identical in brachypod males and fe- 
males. Two general conclusions can be drawn: 
1, the long bones of the upper segments, viz. 
humerus and femur, are shortened to a greater 
extent in brachypod animals than those of the 
lower ulna and tibia; 2, in cor- 
responding segments, long of the 
hind legs of brachypod animals are much more 
drastically shortened tl are the 
fore legs. All the pertinent 
highly significant 

\s we have mentioned before, the abnormali- 
ties of the feet are clearly distinguishable at 
Newborn brachypod mice have nearly 
t as their normal sibs. In 
the weight of 170 


segments, te 
the bones 

those of 
differences 


ian 


birth 
the same body weigh 
40 backcross litters mean 
newborn normal mice was 1607 + 23.3 mg. and 
that of their 160 brachypod sibs was 1537 + 
IS.7 mg difference between the two 
is, amounting to 70 + 20.9 mg, is barely 
event, readily 
ent development of 


he 


is, ac- 


the 


sigmificant, and any 
counted for by 
the extremities. 
The condition of 
skeleton at birth 
imals close 
Johnson. In the fore 
of ossification were present in all pha 
the proximal one of the first 
digit, and in all met except that of 
the first digit. Al and metatarsals 
he hind feet had centers at 
as had the talus and calcaneus. In con 
the fore and hind feet of newborn brachy 
mice ossification only in 
terminal phalanges of the five digits and 
there none in the metacarpals and 
metatarsals; in a few center of 
ossification was present in the calcaneus (big 
ure 24). During normal development the distal 
phalanges of fore and hind feet are the first 
ones to acquire centers of ossification. Forma- 
tion of the cartilaginous skeleton of the feet is 
also greatly delayed and irregular in’ many 
details, A study of the developmental aspects 
of the brachypod condition is under way. 
When brachypod mice were outcrossed to 
unrelated animals from normal stock all prog- 


det 


the foot 
genetically 
the cle 
feet, 


ossification of 
showed in our 


normal a agreement with 
scription given by 
centers 
lanwes, ¢ xcept 
icarpals, 
phalanges 


ossification 


had centers of 
were 
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eny was normal. In F; litters we obtained in 
a total of 1047 newborn, 800 normal and 247 
brachypod animals, a distribution not differ- 
ing significantly from that expected for a 3:1 
ratio (785:262). Matings of brachypod PF, 
ammmals produced only brachypod offspring and 
extracted homozygous normals gave exclusive 
ly normal progeny. The sex-ratio of 221 sexed 
Kf, brachypod newborn was normal (1064 
1159 9). It may be concluded, therefore, that 
an autosomal recessive gene is responsi- 
ble for the occurrence of brachypodism 


} 
Cop) 


Discussion 


The brachypod mutation of mice, 
which has been brietly described, is of 
interest in several respects. The condi- 
ton seems to be unique in its combina- 
tion of lack of one phalanx in every 
digit and toe, shortening of all meta- 
carpals and metatarsals——-as well as size 
reduction of other bones of the feet 
and duplication of some of the meta- 
carpals and metatarsals. The extensive 
monograph by Werthemann'™ on hu- 
man malformations of the extremities 
does not include reports of similar ab 
normalities, but the literature on 
human “brachymetapodism” contains 
some facts of suggestive interest. This 
is especially true for a publication by 
Braun.? She described three cases, two 
of them concerning brothers, in all of 
which both hands and feet were abnor- 
mal, Some, but not all, the metacarpals 
and metatarsals were shortened, the 
basal phalanges were normal in length, 
but the distal ones of all fingers and 
toes were much reduced in length, the 
fifth finger of both hands was dupli- 
cated and the extremities were short 


TABLE Il. Means with standard errors for various indexes calculated from the data summarized in Table I. 
fi i : 


total length; abbreviations for length of long bones as follows: F 


100 (F 4 


B 
100 (H 4 


100 T 


F 
imu 


H 


100 U 
1 


emur, T - tibia, H humerus, 


. 
Males 
Bfachypod 


16.53% 
14.47 

130.4 


119.2 


4 
ulna 
Females - 
Index Normal Brachvpod Difference Normal Difference 
ON 16.85 > 13 250> .16 8K 10 AF 
14.50 + 27 15.13 = .08 066*> .14 
1162 46 180.5 1.33 “23.3 1.40 —13.0 1.42 
78.1 50. = 3 40 +1.04 79.3 46 ei = —4,8 +1.01 


NORMAL AND BRACHYPOD FEET 


Figure 25 


Alizarin-stained preparations of the feet of 


adult normal and brachypod mice 


A 


shows 


relative to the trunk. Muller’ referred 
to a similar case in which brachymeta- 
podism and shortness of fingers and 
toes was combined with reduced long 
bone length, but his patient had no 
signs of polydactylism. These publica- 
tions, untortunately, do not provide in- 
formation about relative length of the 
various long bones, but they clearly 
suggest developmental mechanisms re- 
lated to brachypodism of mice. 

It has been seen that the hind legs of 
brachypod mice are in all respects more 
affected by the mutation than the fore 
legs. Chang? has found that the Ancon 
mutation of sheep leads to a similar 
differential effect. Comparable relations 
exist in human cretinism and chondro- 
dystrophy (Finkbeinert). similar 
situation was also observed in Creeper 
chickens (lLandauer’) and several other 
hereditary forms of micromelia of fowl 
as well as in micromelias produced ex- 
perimentally in chicken embryos (Lan- 
dauer’), It appears, therefore, that this 
differential response of anterior and 
posterior extremities to the presence of 
mutant genes as well as to the action 
of external agencies occurs on the basis 
of a pattern of normal development 
that is widely distributed among high 
er vertebrates. The nature of this de- 
velopmental pattern remains unknown 

A study of relative length of the long bones 
in the upper and lower segments of the ex 
tremities brought out the surprising fact that 
length of the femur is more reduced than that 
of the tibia and length of the humerus more 
than that of the ulna. The apparently para 
doxical fact that the brachypod mutation has a 
greater effect on the proximal-most and the 
terminal segments of the extremities than it 
has on the intermediate ones (ulna, bia), 
may find its explanation in normal relation 
ships of relative growth 

In the Creeper mutation of fowl reduction 
in adult leneth of the long bones was found 
to be related to the time of their origin dur 
ing development and also to their prospective 
length (Landauer?). The result is a gradient 
of proximo-distal increase in reduction of 


the fore foot and B the hind foot of a normal 
mouse. C and D show the fore and hind foot 
of a brachypod mouse. All are photographed 
at the same magnification. A supernumerary 
metacarpal can be seen between the fourth 
and fifth finger of the hand of the brachypod 
animal 
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length. In comparable conditions of human 
micromelia (chondrodystrophy), on the other 
hand, the adult long bones of the upper seg- 
ments generally are more reduced in length 
than those of the lower segments (Marie!®; 
Porak and Durante!4; Bertolotti!; Maas®; 
Finkbeiner#). In this respect then the situa- 
tion in brachypod mice resembles that observed 
in human rather than in avian micromelia. 
Physiological agencies of external origin, €.g. 
malnutrition, apparently have the same diver- 
gent effects on relative long bone length of 
mammals and birds. From the scanty data 
available in the literature, it appears that the 
changes in relative length of the long bones 
very different patterns birds and 
mammals. In man the ulno-humeral and tibio- 
femoral indices rise during the fetal period, 
hut decline between birth and maturity (Scam- 
mon and Calkins!®; Martin'!). Data for rats 
show the same behavior during postnatal 
growth (Outhouse and Mendel!3). In chick- 
ens, on the other hand, the reverse is true for 
the anterior extremities, Le. the index falls 
prior to hatching and increases thereafter, and 
in the posterior extremities the index shows a 
trend of increase over the whole period. We 
suspect that the differences in the degree to 
which final length of the long bones of birds 
and mammals becomes altered by mutations 
or other agencies that affect their growth ad- 
versely, are determiend by these fundamental 
dissimilarities of the normal growth patterns, 
Phe result is in both instances the preservation 
of infantile or fetal proportions 


follow 


Summary 


A description has been given of an autoso 
mal, recessive mutation of mice in the pres- 
ence of which all four feet are greatly reduced 
in size. The condition has, therefore, been 
called brachypodism. The phalangeal bones 
are reduced in number, the metacarpals and 
metatarsals are shortened and all other bones 
of the feet are small and irregular in shape 
Phe basal phalangeal bones show a tendency 
of bifurcation. Supernumerary metacarpals 
and metatarsals are present. At birth, bone 
and cartil.ge formation in the feet are much 
delayed. The long bones of the legs are all 
sunificantly shortened. The upper segments 
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(humerus, femur) show much greater size 
reduction than the lower segments (ulna, 
tibia). The hind legs are more abnormal than 
the fore legs. Other parts of the skeleton and 
body size appear normal. 
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GENETICAL VARIATION IN: EXCISED 
ROOT CULTURES 


of a Spinach Relative (Senecio vulgaris L.) 


J. C. SKINNER* 


ORPHOLOGICAL characters 


of plants are the outward mani- 
festation of physiological proces- 


ses which are themselves the resultant 
of an interaction between genotype and 
environment. The culture of separate 
plant tissues or organs may permit a de- 
tailed study, ultimately in biochemical 
terms, of the physiological processes 
underlying morphological characters, and 
may reveal special biochemical 
variation and specific patterns of growth 
at present unrelated to the general 
metabolism or physiology of the growing 
plant. It is important to note that while 
the whole plant can be grown in culture 
solutions composed entirely of inorganic 
substances, excised root cultures require 
for growth a medium containing or- 
ganic substances such as sugars and 
vitamins. While the nutritive require- 
ments of a fairly large number of species 
have been investigated, there has been 
little attempt to correlate the results ob- 
tained with different species,? or to 
survey a range of material within a 
species. In the tomato plant however, 
individual strains appear to differ in the 
vitamin requirements of their excised 
roots, and in this species the technique of 
root culture has be ‘en applied to the study 
of hybrid vigor. 


aiso 


Since extensive experiments on the 
genetics of Senecio vulgaris L.. were be- 
ing conducted in this Department it was 
decided to use this plant for excised root 
culture. It was believed to have the fol- 
lowing advantages: (1) it is a wild spe- 
cies showing much true breeding varia- 
tion in habit and vigor in the wide range 
of habitats in which it occurs. material 
being available from a series of localities 
ranging from Iceland to the Pyrenees: 


*Department of Botany, University of 


Manchester, 


(2) it is an. almost completely self 
fe rtilized plant which has been observed 
to manifest surprising uniformity in 
progenies obtained from individual 
plants. The material employed in this 
investigation consisted of five geographi 
cal strains from (1!) Wetherby (York 
shire), (2) Iceland, (3) Manchester, 
(4) Limoges (France) and (5) Ponte 
fract ( Yorkshire ) 


Material and Methods 


Excised roots of Senecio vulgaris L. had not 
hitherto been cultured. After preliminary ob 
servations on a wide r range of material within 
this species, a clone of the Iceland strain was 
established using the standard tomato medium‘ 
(White's medium with added copper and 
molybdenum) supplemented by addition of 25 
mg./litre of “Difco” yeast extract. This clone 
has been maintained in this medium without 
diminution of growth rate for over ten months, 
by weekly subculture of the main apex. In 
December, 1951 the work was extended to 
the four other inbred strains mentioned above. 
Excised root cultures from 20 seedlings of each 
strain were established in the yeast sup 
plemented medium. At the end of a week the 
main apices were transferred to the same 
medium, but subsequent passages were through 
a range of synthetic media differing in certain 
organic components. These media, with the 
respective passage order were as follows:- 
Medium 


medium* ples veast 


Passage, 
extract 


Standard 
extract 


medium without veast 
medium minus glycine 
Standard medium minus givcine with added 
medium ples arginine 
medium plus veast extract (as 


At the end 
were made on the 


each passage measurements 
increase in length of the 
main axis and the number and length of 
laterals prodiced by each root. To illustrate 
the type of behavior observed a small propor 
tion of the results available has been selected 
for presentation here. Table I shows the in 
Manchester 13. 


England. The writer 


gratefully acknowledges advice received during the course of this work from Professor S.C 


F.R.S., and Dr. H. E. Street. 


Harland, 
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Sth, 6th, 7th. 
Rth 
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TYPICAL EXCISED ROOTS 
Figure 26 


Typical excised roots of Strains No. 2 (Iceland), 3 (Manchester ), and 4 (Limoges) of 


Senecio vulgaris | 


Roots were harvested at the end of the second 7-day passage in culture. 


15 mm. apical tips have been removed for subculture 


crease in length of the main axis of excised 
roots of strains (2) Iceland, (3) Manchester 
ind (4) Limoges, in the yeast supplemented 
medium in passages 2 and 10. The number ot 
roots surviving each treatment ts given and the 
standard errors show the variation within each 
strain. The somewhat slower rate of growth 
in the 10th passage as compared to the 2nd 
is mainly due to deterioration in the activity of 
the veast extract and does not in licate a con 
tinuous decline in growth rate. A representa 


tive root of each of the three strains, harvest- 
ed in the 2nd passage, is shown in Figure 26 


Discussion and Summary 


The excised roots of all five strains differ 
from one another, either in main axis length, 
in lateral development, or in both these 
features. These differences were so marked 
that it was possible, in the yeast supplemented 
medium, to identify by inspection the varietal 
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suurce of any root from the material available. 

stram. ihe standard errors are no larger than 
tugse obtained in other experiments using Ups 
Irum a single kor the excised root 
characters, as lor ail other characters which 
have been observed, the strains appear to be 
homogeneous and to have a hign degree vol 
geneticai purity. 

Exeisead roots of the strains were found to 
alter tne reiative rates of growtn in re 
sporise to the substances supplied im tne du 
ferent media, and these rates were not cor 
related with the rates of root growth on seed- 
lings. Ihe excised roots of the hve straims 
therefore appear to be separable in the media 
used, not by differences in inherent vigor, but 
by differences im specific biochemical require- 
ments. Lf excised roots of each strain were 
supplied with all the nutrients and en- 
vironmental conditions necessary tor maximum 
growth the strains would have the opportunity 
to manifest possible differences in inherent 
vigor. The present situation 1s that strains 
which apparently differ in vigor retlected in 
the behavior of their excised root cultures may 
owe this to the fact that their specific biochem:- 
ca! requirements are not being met. 

The indications given here of what may 
prove to be extreme individuality in the 
biochemical requirements of a range of geno- 
types within a single species must be taken 
into consideration when excised root cultures 
are employed in studies of hybrid vigor. 

With its precise control of environmental 
conditions, excised root culture may in the 
future give much fundamental information 
about general questions of vigor in plants. 
Meanwhile great caution is obviously necessary 
in interpreting the results obtained from the 
application of the technique of excised root 
culture to hybrid vigor problems 

Groundsel strains similar in appearance when 
grown in the field were found to differ in 
excised root growth. For example. it is dif- 
ficult to distinguish plants of strain 2 (Ice- 


cione. 


TABLE I. 


Growth of excised roots of three inbred strains of Senecio vulgaus L. 
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land) from stra 5 (Yorkshire), but the roots 
ot strain 2 grew almost twice as long m the 
second passage after excision. ‘Lhe cuiture of 
the excised roots revealed a store of genetical 
variability of a biochemical nature whicn could 
not be detected by exarmnation of the growing 
plants. it has not yet been possible to estab- 
lish any correlation between tne excised root 
characters and the node number or root ‘habit 
o; the growing plants, and it is possible that 
characters peculiar to excised roots find no ex- 
pression in the growing plant. If this is so, 
these characters could not have passed through 
the sieve of natural selectién, because the 
isolated root has never been exposed to se- 
lective forces. This is one of several explana- 
tions which would account for the unusual 
amount of genetical variation which has been 
revealed for the first time by culturing the 
excised roots. 

Strains 2 (Iceland) and 4 (Limoges) were 
inbred for a second generation and the strains 
were found ‘to be umiform for the excised root 
characters. The F, cultures of a cross between 
these straims were unfortunately lost through 
bacterial contamination, but segregation tor 
the excised root characters occurred in the 
second generation. The results for main axis 
length in the second passage in the yeast sup 
plemented medium are presented in the form of 
a frequency distribution in Table IT. 

The F,; segregation does not differ sigmfi- 
cantly from that expected on the theory that 
strains (2) and (4) differ by two genetical 
factors having equal additive effects and show- 
ing no dominance, the Chi-square test giving 
a probability value of 0.2-03. Investigations 
in progress at present may reveal if this 
is the correct explanation, but the present re- 
sults do indicate that the inheritance of some 
excised root characters may not be genetically 
very complicated. 

This work is believed to be the first time in 
which the experimental methods of genetics 
have been applied to the new technique of 
excised root culture 


15 mm. excised root 


tips cultured for seven days at 27°C 


Passag 


Increase ir 


main axis length in the F. gereration of the cross (2) Iceland 


Increase in ler 


30. 4f 


sth of 


(4) Limoges. 


80.99 
2 


Parsage 
Increase ir 
length of leneth of . 
N of main axis Standard No. of ail axis Standard 
STRAIN clones (mm) Error clenes 7 (mm) Frror 
N 2 (Yceland) 19 94.74 2.40 9 70.24 210 
N Manchester) 18 $2.00 1.25 1s 45.67 1.3% 
XN 4 (Limoges) 8 21.50 0.6% 16 16.94 04S 
TABLE Segregsticn (or 
' 
mais axis ( mm.) 
9.10 19.20 20.20 40.56 $0.40 40.70 70.20 
(2) Iceland 3 19 4 | 
(4) Limoges 3 
FP, (2x 4) 2 1s 29 28 14 4 3 
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WEIGHT CHANGES OF ADULTS IN AN INBRED 
COLONY OF SYRIAN HAMSTERS 


Marcia FRANCES CURRY 


AVERAGE WEIGHTS FOR FEMALES 


Figure 27 


The number of females for each point on the graph varied from 2 to 25, with an average 


of ten for each point 


NVESTIGATORS have shown that dwart- 
he related to inbreeding 1m cat- 


ism may 
tle! 2.4.6 in sheep? and in the house mouse.’ 
The purpose of this work was to determine if 
eight years of inbreeding, but not consistent 
hrother-sister mating, had any undesirable et- 
fect on a colony of Syrian hamsters. 


Materials and Methods 


Phe colony, maintained at Boulder, Colorado, 


since 1944, was derived from two males and 


*Department of Biology, University of Colorado, 


The difference in weights between the sexes was most evident at 140 days. 


four females obtained from the Fairfiekt Rabbit 
Farms in Caldwell, New Jersey. Weights ac 
quired from records kept on normal control 
animals used in a cancer research program at 
the University of Colorado, were taken at the 
time each individual was inoculated or other 
wise prepared for experimental work. Food 
was essentially the same throughout the eight 
year period. 

To facilitate the study of the colony weights, 
the weights of the total 829 animals were 


Zoulder, Colorado. The author is in- 


debted to Dr. Fdward D. Crabb and to Dr. Margaret A. Kelsall of the Department of Biology, 
University of Colorado, for making available records of their cancer research animals, and for 
their valuable advice and help in the course of this work. 


AVERAGE WEIGHTS FOR MALES 
Figure 28 


The average weights of 2-25 males have increased as, much as 25 percent in the eight year 
J 


period 
of seven for each point 


broken down into two groups, (1) weights of 
108 males and 149 females from the first two 
years of the colony, and (2) weights of 96 
males and 111 femates from the last two years 
of the colony. These weights of animals com 
prising the middle period of the colony were 
not considered in the final graph analysis, since 
there was no significant variation from those 
weights which were recorded, and the added 
of figures succeeded only in. making 
comparison of the weight 


number 
less distinct the 


changes in the colony. 


Observations 


The average weights of 2-25 males have in- 
creased as much as 25 percent in the eight-year 
period (Figure 28). The number of males tor 
each point on the graph varied from two to 
25, with an average of seven for each point 
However, the total number of males considered 
was 204. Although the average weights of the 
females have shown no appreciable gain over 
the same period, they have not decreased (Fig- 
ure 27). Again, the number of females for 
-each point on the graph varied from two to 


? 


The number of males for each point on the graph varied from 2 to 25, with an average 


25, with the average number for each point 
ten, The total number of females considered 
was 260. The difference in weights between 
the sexes was most evident at 140 days of age, 
when the average weight for 204 males was 17 
grams heavier than the average weight for 
260 females, the male average reaching a high 
point of 124 grams. Isolation of the young at 
35-40 days of age seems to retard growth tem- 
porarily in both sexes (Figures 27 and 28) 


Discussion 


Records for this colony show that the males 
weighed more than the females, data which 
do not agree with those of other investigators. 
Weights of the males have been reported as 
being considerably lower than weights of the 
females after the first six weeks of growth? 
Poiley® states that in a group of 25 males and 
25 females the females had a greater increase 
in weight than the males during the first vear 
However, it should be remembered that these 
investigators were interested in weight in 
creases in a group of individuals rather than in 
a weight trend for a colony 
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None of the information we have collected 
indicates any undesirable’ physiological effect 
on the animals as a result of inbreeding. There 
have been no recorded instances of inherited 
dwarfism, nor has there been any depression of 
weight or of litter size. Other investigators? 
have found that in females exceeding 180 
grams, breeding was impossible, though the 
animals were given every opportunity to mate. 
This critical weight is much lower in the 
Boulder colony. Consequently females weigh- 
ing more than 110-125 grams are not chosen 
for breeding purposes. 

The retarded growth curve at 35-40 days of 
age in the Boulder colony seems to be only 
temporary, and is apparently caused by isola- 
tion. Although no attempt has been made to 
quantify this weight loss, it has been observed 
that brothers maintained in a cage together 
grew faster than did isolated animals. At all 
times there was sufficient food for the isolated 
animals, but they were afraid to eat. Appar- 
ently the isolation causes a severe adjustment 
problem evidenced by the animals’ loss of 
weight. 


Summary 


The effect of inbreeding on growth in a 
colony of Syrian hamsters indicates that in 
the eight-year period weights of the males 
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increased an average of 25 percent, while the 
weights of the females neither increased nor 
decreased appreciably. At 140 days the average 
weight for 204 males was 17 grams heavier 
than the average weight for 260 females. Iso- 
lation at 35-40 days of age retards growth in 
both sexes temporarily, There have been no 
apparent undesirable effects produced in the 
colony as a result of inbreeding. 
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A Part I of this definitive book is an account of the 

E life, travels, scientific views of Sir Francis Galton, 
comprehensive founder of modern eugenics. Many excerpts are in- 
cluded from Galton’s own writings and from Karl 
work On Pearson’s monumental Life ef Galton. 


Part describes developments in eugenics since 
the modern I ‘ ve 


Galton’s death, particularly in human genetics, in the 


. improvement of testing procedures and in the study of 
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INSTRUCTIONS Resolution is expressed in terms of the lines per millimeter recorded by a particular 
film under specified conditions. - Numerals in chart indicate the number of lines per millimeter in adjacent 
“T-shaped” groupings. 

_ In microfilming, it is necessary to determine the reduction ratio and multiply the number of lines in the 
‘chart by this value to find the number of lines recorded by the film. As an aid in determining the reduction 
‘ratio, the line above is 100 millimeters in length. Measuring this line in the film image and dividing the length 
into 100 gives the reduction ratio. Example: the.line is 20 mm. long in the film image, and 100/20 = 5. 


Examint “T-shaped” line groupings in the film with microscope, and note the number adjacent to finest 
lines recorded sharply and distinctly. Multiply this number by the reduction facsor to obtain resolving power 
in lines per millimeter. Example: 7.9 group of lines is clearly recorded while lines in the 10.0, group are 
not distinctly separated. Reduction ratio is 5, and 7.9 x § == 39.5 lines per millimeter recorded satisfacto- 
rily. 10.0 x § = 50 lines per millimeter which are not recorded: satisfactorily. Under the particular condi- 
tions, maximum resolution is between 39.5 and 50 lines per millimeter. 


Resolution, as measured on the film, is a test of the entire photographic system, including lens, exposure, 
processing, and other factors. These rarely utilize maximum resolution of the film. Vibrations during 
exposure, lack of* critical focus, and exposures yielding very dense negatives are to be avoided. 
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